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Klffxsv iru KLSFvB
Fudlj Exuqvlgh|dqg Grphqlfr Idql}}d}
Rfwrehu 5334
Devwudfw
Lq wklv sdshu zh glvfxvv prqhwdu| dqg ￿vfdo srolf| lvvxhv idflqj khdylo|0lqghewhg
srru frxqwulhv +KLSFv, zkr uhfhlyh ghew uhgxfwlrq yld wkh hqkdqfhg KLSF lqlwld0
wlyh1 Wklv ghew uholhi surjudp lv glvwlqjxlvkhg iurp suhylrxv rqhv e| lwv frqglwlrqdolw|=
iuhhg uhvrxufhv pxvw eh xvhg iru sryhuw| uhgxfwlrq1 Zh dujxh wkdw +l, wklv frqglwlrq0
dolw| olplwv wkh h{whqw wr zklfk wkh lqlwldwlyh uhod{hv wkh jryhuqphqw*v olihwlph exgjhw
frqvwudlqw> +ll, ghshqglqj rq wkh uhvsrqvh ri prqhwdu| srolf| wr dq lqfuhdvh lq vrfldo
vshqglqj wkhuh frxog eh d vkruw0uxq lqfuhdvh lq lq dwlrq lq KLSF frxqwulhv dqg +lll,
wkh nh|v wr orqj0uxq ￿vfdo vxvwdlqdelolw| lq wkh KLSFv duh vljql￿fdqw ￿vfdo uhirupv e|
wkhlu jryhuqphqwv/ dqg wkh h￿hfwlyhqhvv ri wkhlu sryhuw| uhgxfwlrq surjudpv lq udlvlqj
jurzwk1
￿Zh wkdqn Mhdq Fodxgh Ehuwk￿ohp|/ Qdqf| Elugvdoo/ Eloo Hdvwhuo|/ dqg sduwlflsdqwv dw wkh LPI Diulfdq
Ghsduwphqw vhplqdu/ wkh LPI Frqihuhqfh rq Sryhuw| Uhgxfwlrq/ dqg wkh ZLGHU Ghyhorsphqw Frqihuhqfh
rq Ghew Uholhi/ iru wkhlu frpphqwv rq dq hduolhu gudiw1 Wklv sdshu uhsuhvhqwv wkh dxwkruv* ylhzv dqg grhv
qrw qhfhvvdulo| uh hfw wkh r!fldo ylhzv ri wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg ru wkh Zruog Edqn1
|Zruog Edqn/ SUPHS/ PVQ PF70739/ Zdvklqjwrq/ GF 537661 H0pdlo= dexuqvlghCzruogedqn1ruj1
}Lqwhuqdwlrqdo Prqhwdu| Ixqg/ PHG/ Urrp :073:/ Zdvklqjwrq/ GF 537641 H0pdlo= gidql}}dClpi1ruj1Wkh hqkdqfhg KLSF lqlwldwlyh kdv dftxluhg lqfuhdvlqj surplqhqfh lq wkh srolf| ghedwh
lq ghyhorslqj frxqwulhv14 D vljqlfdqw qxpehu ri frxqwulhv duh douhdg| hqmr|lqj ghew uholhi
xqghu wkh KLSF lqlwldwlyh1 Zkloh dq dexqgdqw olwhudwxuh ghyhorshg gxulqj wkh 4<;3v rq wkh
pdfurhfrqrplf lpsdfw ri ghew ryhukdqj dqg ghew zulwh0rv/ olwwoh dwwhqwlrq kdv ehhq ghyrwhg
wr wkh pdfurhfrqrplf lpsdfw ri ghew uholhi sursrvhg xqghu wkh hqkdqfhg KLSF lqlwldwlyh15
Ghew uholhi xqghu wkh KLSF lqlwldwlyh glhuv iurp suhylrxv pdmru ghew uholhi lqlwldwlyhv/ vxfk
dv wkh Ednhu dqg Eudg| sodqv/ lq wkdw lw frqfhuqv r!fldo udwkhu wkdq frpphufldo ghew
dqg lq wkdw lw lpsrvhv zhoo0ghqhg frqglwlrqdolw|1 Lq sduwlfxodu/ lw uhtxluhv wkdw exgjhwdu|
uhvrxufhv qr orqjhu qhhghg iru ghew vhuylfh eh xvhg iru sryhuw| uhgxfwlrq sxusrvhv1 Wklv
dovr glvwlqjxlvkhv wkh hqkdqfhg KLSF lqlwldwlyh iurp suhylrxv r!fldo ghew uholhi surjudpv1
Zh irfxv rq prqhwdu| dqg vfdo srolf| lvvxhv frqqhfwhg zlwk ghew uhgxfwlrq xqghu wkh
hqkdqfhg KLSF lqlwldwlyh1 Wkh lvvxhv zh kljkoljkw vwhp iurp wzr glvwlqjxlvklqj dvshfwv
ri wkh lqlwldwlyh*v ghvljq1 Iluvw/ wkh KLSF lqlwldwlyh uholhyhv ghew wkurxjk irujlyhqhvv ri
d vxevwdqwldo iudfwlrq ri d frxqwu|*v ghew vhuylfh sd|phqwv1 Wkh lqlwldwlyh uhtxluhv wkdw
w k hu h v r x u f h vi u h h gi u r pg h e wv h u y l f he hx v h gw rl q f u h d v hj r y h u q p h q wv s h q g l q jr qs r y h u w |
uhgxfwlrq surjudpv16 Vhfrqg/ wkh lqlwldwlyh kdv d qlwh olihwkh lqfuhdvh lq jryhuqphqw
vshqglqj dqg wkh irujlyhq ghew vhuylfh wdnh sodfh ryhu d  rdwlqj shulrg zlwk ohqjwk ghshqglqj
rq wkh frxqwu|*v vxffhvv lq lpsohphqwlqj d frpsuhkhqvlyh dqwl0sryhuw| vwudwhj|17 Jlyhq wkhvh
i h d w x u h vr iw k hK L S Fl q l w l d w l y hz hp d n hw k u h hp d l qs r l q w v 1 8
Iluvw/ zh dujxh wkdw wkh frqglwlrqdolw| ri KLSF ghew uholhi olplwv wkh h{whqw wr zklfk wkh
lqlwldwlyh uhod{hv wkh jryhuqphqw*v olihwlph exgjhw frqvwudlqw19 Wkh uhdvrq iru wklv lv idluo|
vwudljkwiruzdug= wkh jryhuqphqw lv vzdsslqj rqh w|sh ri vshqglqj frpplwphqw iru dqrwkhu
ri htxdo ydoxh1 Vhfrqg/ zh dujxh wkdw prqhwdu| srolf| pdnhuv idfh d wudgh0r ehwzhhq
vwdelol}lqj lq dwlrq dqg dfklhylqj shupdqhqw ghew uhgxfwlrq1 Wklv wudgh0r lv uhodwhg wr wkh
4KLSF lv dq dfurq|p iru khdylo|0lqghewhg srru frxqwu|1
5Vhh/ dprqj pdq| rwkhuv/ Vdfkv +4<;7/ 4<;<,/ Iuhqnho/ Grroh| dqg Zlfndp +4<;<,/ Fodhvvhqv/ Glzdq dqg
Ihuqdqgh}0Duldv +4<<5, dqg Ihuq￿qgh}0Duldv +4<<5,1
6Iru d frqflvh ghvfulswlrq ri wkh KLSF lqlwldwlyh vhh Ydq Wurwvhqexuj dqg PdfDuwkxu +4<<<, dqg wkh
Zruog Edqn*v KLSF zhevlwh= zzz1zruogedqn1ruj2klsf1
7Diwhu d frxqwu| txdol￿hv iru dvvlvwdqfh/ wkh lqwhuqdwlrqdo frppxqlw| frpplwv ghew uholhi wr uhdfk d wdujhw
iru wkh udwlr ri wkh qhw0suhvhqw ydoxh ri ghew wr h{sruwv +483 shufhqw, ru wr jryhuqphqw uhyhqxh +583 shufhqw,1
Wklv dvvlvwdqfh lv gholyhuhg ryhu d yduldeoh shulrg gxulqj zklfk wkhuh lv frqglwlrqdolw| uhtxlulqj lqfuhdvhg
sryhuw| uhgxfwlrq vshqglqj1 Diwhu d frxqwu| kdv lpsohphqwhg d frpsuhkhqvlyh sryhuw| uhgxfwlrq vwudwhj|/
fuhglwruv vxsso| dq| uhpdlqlqj ghew uholhi qhhghg wr uhdfk vxvwdlqdelolw| zlwkrxw ixuwkhu frqglwlrqdolw|1
8Lq zkdw iroorzv zh zloo iuhtxhqwo| uhihu wr wkh hqkdqfhg KLSF lqlwldwlyh dv ￿wkh lqlwldwlyh/￿ lwv fkdu0
dfwhulvwlf frqglwlrqdolw| dv ￿KLSF frqglwlrqdolw|/￿ jryhuqphqwv dqg rujdql}dwlrqv surylglqj ghew uholhi dv
￿grqruv￿ dqg frxqwulhv uhfhlylqj ghew uholhi dv ￿uhflslhqw frxqwulhv/￿ ru vlpso| ￿KLSFv1￿
9Iru dq hduo| dqdo|vlv ri wkh ￿qdqfldo lpsdfw ri wkh KLSF lqlwldwlyh/ vhh Zruog Edqn +5334,1
4vwdqgdug rqh idfhg e| dq| fhqwudo edqn zkhq frqiurqwhg e| d whpsrudu| lqfuhdvh lq grphvwlf
ghpdqg1 Wklug/ zh glvfxvv wzr idfwruv wkdw plwljdwh rxu uvw wzr srlqwv1 Li wkh sryhuw|
uhgxfwlrq surjudpv/ lqlwldwhg xqghu ghew uholhi/ vxevwdqwldoo| lqfuhdvh hfrqrplf dfwlylw|/
jryhuqphqwv zloo uhds dgglwlrqdo wd{ uhyhqxh wkdw zloo khos qdqfh wkhp1 Ixuwkhupruh/ li
uhflslhqw jryhuqphqwv dfw rq wkhlu rzq wr lpsohphqw vljqlfdqw dgglwlrqdo vfdo uhirupv/
wkh| duh pruh olnho| wr dwwdlq orqj0uxq vfdo vxvwdlqdelolw|1 Khqfh/ zh dujxh wkdw sryhuw|
uhgxfwlrq surjudpv zlwk d vljqlfdqw jurzwk hqkdqflqj frpsrqhqw/ dqg vljqlfdqw vfdo
uhirupv e| wkh uhflslhqw jryhuqphqwv zloo eh wkh wuxh nh|vwrqhv ri vxffhvv1
Rxu dqdo|vlv grhv qrw irfxv rq dvvhvvlqj wkh hhfwlyhqhvv ri sryhuw| uhgxfwlrq vshqglqj
lq uhgxflqj sryhuw|/ udwkhu zh irfxv rxu dqdo|vlv rq wkh exgjhwdu| lpsdfw ri wkh KLSF
lqlwldwlyh1 Krzhyhu/ wkh lpsdfw ri wklv vshqglqj rq rxwsxw lv lpsruwdqw lq rxu dqdo|vlv
ehfdxvh ri lwv vhfrqgdu| lpsdfw rq wd{ uhyhqxh1 Wr kljkoljkw wkh uroh ri glhuhqw dvshfwv
ri wkh lqlwldwlyh/ zh ghfrpsrvh lwv hhfw rq wkh jryhuqphqw exgjhw lqwr wzr frpsrqhqwv=
wkh gluhfw hhfw/ zklfk ljqruhv hhfwv rq wd{ uhyhqxh/ dqg wkh lqgluhfw hhfw/ zklfk wdnhv
wkhp lqwr dffrxqw1 Lq phdvxulqj wkh lqgluhfw hhfw/ zh wdnh dv jlyhq Exuqvlgh dqg Groodu*v
+5333, uhvxowv vxjjhvwlqj wkdw dlg lv hhfwlyh lq udlvlqj jurzwk lq uhflslhqw frxqwulhv zlwk
jrrg pdfurhfrqrplf srolflhv1 Wkxv rxu uhvxowv jlyh d sodxvleoh xsshu erxqg rq wkh srvlwlyh
exgjhwdu| lpsdfw ri wkh KLSF lqlwldwlyh1
Lq Vhfwlrq 4 zh irfxv rq rxu uvw srlqw uhodwhg wr wkh uhod{dwlrq ri wkh jryhuqphqw
exgjhw frqvwudlqw1 Zh looxvwudwh wkh lpsdfw ri ghew uholhi zlwk KLSF0frqglwlrqdolw| rq d
jryhuqphqw*v qdqfhv xvlqj d vwdqgdug prgho ri wkh jryhuqphqw exgjhw frqvwudlqw1 Wklv
prgho rqo| doorzv xv wr glvfxvv wkh gluhfw hhfwv ri ghew uholhi zlwk KLSF0frqglwlrqdolw| rq
wkh exgjhw/ zklfk zh dujxh duh olplwhg1 Zh dujxh wkdw rwkhu wklqjv htxdo/ diwhu ghew uholhi/
wkh jryhuqphqw pxvw vwloo udlvh wkh vdph dprxqw ri uhyhqxh/ iurp doo vrxufhv/ dv lw glg sulru
wr uhfhlylqj ghew uholhi1
Lq Vhfwlrq 5 zh ghyhors d vlpsoh prqhwdu| prgho edvhg rq wkh vwdqgdug Fdjdq prqh|
ghpdqg ixqfwlrq/ lq rughu wr ixoo| fkdudfwhul}h wkh htxloleulxp g|qdplfv ri sulfhv/ lq dwlrq/
ghew dqg vhljqlrudjh gxulqj dqg diwhu wkh lpsohphqwdwlrq ri d ghew uholhi lqlwldwlyh1 Lq Vhfwlrq
6z hv l p x o d w hr x up r g h ox q g h ug l  h u h q wp r q h w d u |s r o l f l h v 1 E |g r l q jw k l vz hd u hd e o hw r
kljkoljkw rxu vhfrqg srlqw1 Zh qg wkdw/ zlwk zkdw zh ghvfuleh dv sdvvlyh prqhwdu| srolf|/
ghew0uholhi zlwk KLSF frqglwlrqdolw| frxog kdyh d vkruw0whup lpsdfw rq prqh| fuhdwlrq
dqg lq dwlrq/ zklfk zrxog hyhqwxdoo| eh uhyhuvhg1 Xqghu zkdw zh ghvfuleh dv d pruh
5dfwlyh prqhwdu| srolf|/ wkh jryhuqphqw fdq dfw wr vwdelol}h lq dwlrq/ exw lw fdq rqo| gr
vr e| udlvlqj lwv orqj0uxq lqghewhgqhvv uhodwlyh wr zkdw lw zrxog eh xqghu sdvvlyh srolf|1
Wklv lv ehfdxvh nhhslqj lq dwlrq vwdeoh uhtxluhv wkh jryhuqphqw wr lvvxh pruh qhz ghew
wr vwhulol}h wkh prqhwdu| lpsdfw ri wkh vkruw0uxq lqfuhdvh lq jryhuqphqw vshqglqj xqghu
KLSF0frqglwlrqdolw|1
Vhfwlrq 6 dovr kljkoljkwv wkh uroh ri wkh plwljdwlqj idfwruv phqwlrqhg deryh= zh vkrz
wkdw dq| jurzwk uhvxowlqj iurp ghew uholhi dqg dq| dgglwlrqdo vfdo uhirupv lpsohphqwhg e|
d KLSF*v jryhuqphqw/ zrxog erwk +l, whqg wr lpsuryh lwv olihwlph exgjhw frqvwudlqw/ dqg +ll,
ohvvhq wkh vkruw0uxq prqhwdu| lpsdfw ri wkh lqfuhdvh lq lwv vshqglqj1 Iru wkhvh uhdvrqv/ zh
vxjjhvw wkdw wkh wzr hvvhqwldo lqjuhglhqwv iru odvwlqj vfdo vxvwdlqdelolw| lq KLSF frxqwulhv
duh +l, zhoo0ghvljqhg dqg hhfwlyh jurzwk0hqkdqflqj sryhuw| uhgxfwlrq lqlwldwlyhv/ dqg +ll,
vljqlfdqw vfdo uhirupv wkdw duh qrw phw e| uhgxfhg dlg frpplwphqwv iurp grqruv1
Lq Vhfwlrq 7 zh glvfxvv vrph vkruwfrplqjv ri dqg fdyhdwv wr rxu dqdo|vlv dqg dqvzhu
vrph iuhtxhqwo| dvnhg txhvwlrqv1 Lq Vhfwlrq 8 zh glvfxvv srvvleoh h{whqvlrqv wr rxu prgho/
dqg surylgh vrph frqfoxglqj uhpdunv1
41 Wkh Jryhuqphqw Exgjhw Frqvwudlqw dqg KLSF Frqglwlrqdolw|
Zh ehjlq e| glvfxvvlqj wkh vfdo lpsolfdwlrqv ri ghew uholhi zlwk KLSF0frqglwlrqdolw|
zlwklq d vwdqgdug prgho ri wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw1 Lq Dsshqgl{
D zh vkrz wkdw wklv dssurdfk lv htxlydohqw wr zrunlqj zlwk wkh vlpsoh vwdwlf dffrxqwlqj
iudphzrun idploldu wr vwxghqwv ri prqhwdu| wkhru| dqg srolf|1
4141 Wkh Jryhuqphqw Exgjhw Frqvwudlqw= D Edvholqh Lqwhusuhwdwlrq
Zh qrz suhvhqw d vwdqgdug prgho ri wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw lq
frqwlqxrxv wlph1 Lq rxu vlpsoh prgho/ wkhuh lv rqo| rqh jrrg/ zkrvh sulfh lv |1W k h
jryhuqphqw lvvxhv rqo| rqh w|sh ri ghew/ (|/ zkrvh ydoxh lv lqgh{hg lq whupv ri wkdw jrrg1
Wkxv zh holplqdwh lpsolflw ghidxow/ wkurxjk xqdqwlflsdwhg lq dwlrq/ e| dvvxpswlrq1 Dq
lpsruwdqw ixuwkhu dvshfw ri rxu edvholqh h{dpsoh lv wkdw zh dovr uxoh rxw h{solflw ghidxow/ l1h1
wkh jryhuqphqw dozd|v phhwv lwv ghew vhuylfh reoljdwlrqv1 Lq d odwhu vxevhfwlrq/ zh ghvfuleh
dq dowhuqdwlyh h{dpsoh zklfk doorzv iru h{solflw ghidxow1 Lq d wklug vxevhfwlrq zh surylgh d
ixuwkhu lqwhusuhwdwlrq wkdw glvwlqjxlvkhv ehwzhhq suh0h{lvwlqj ghew dqg qhz ghew1
Zh dvvxph/ iru vlpsolflw|/ wkdw wkh qhw uhdo lqwhuhvw udwh rq jryhuqphqw ghew lv vrph
6frqvwdqw o1 Wkh jryhuqphqw qdqfhv lwv lqwhuhvw sd|phqwv/ o(|/d q gl w vs x u f k d v h vr ij r r g v
dqg vhuylfhv/ C|/ lq irxu zd|v= e| udlvlqj wd{ uhyhqxh +qhw ri wudqvihuv,/ l|/w k u r x j kw k h
lvvxdqfh ri edvh prqh|/ |/ e| uhfhlylqj dlg/ |/ ru wkurxjk wkh lvvxdqfh ri qhz ghew1 Wkh
jryhuqphqw udlvhv ixqgv e| lvvxlqj edvh prqh| yld vhljqlrudjh uhyhqxh/  |*|/ zkhuh | lv
wkh sulfh ohyho dqg  | lv wkh wlph ghulydwlyh ri wkh prqh| vwrfn1: Khqfh/ wkh jryhuqphqw*v
 rz exgjhw frqvwudlqw lv jlyhq e|
 (| ' o(| n C|  l|  |   |*|c +414,
zkhuh doo yduldeohv duh phdvxuhg lq xqlwv ri orfdo fxuuhqf|1
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Zh zdqw wr lqwhusuhw wkh KLSF lqlwldwlyh xvlqj htxdwlrqv +414, dqg +415,1 Rxu vwduwlqj
srlqw lv wr wklqn ri d zrunlqj ghqlwlrq ri d khdylo| lqghewhg jryhuqphqw1 Rqh lqwhusuhwdwlrq
ri d khdylo| lqghewhg jryhuqphqw dw wlph f lv dv iroorzv= jlyhq wkh lqlwldo vwrfn ri ghew/ (f/
dqg wkh olnho| sdwkv ri jryhuqphqw sxufkdvhv dqg iruhljq dlg uhfhlswv/ i|cC |j|Mdfc"￿/w k h
frpelqhg suhvhqw ydoxhv ri wd{hv dqg vhljqlrudjh uhyhqxh uhtxluhg wr forvh wkh jryhuqphqw
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Lq rwkhu zrugv/ zh frxog wklqn ri KLSF jryhuqphqwv dv rqhv zklfk/ lq rughu wr eh vroyhqw/
zrxog qhhg wr uho| rq hlwkhu +l, vljqlfdqw ixwxuh vhljqlrudjh uhyhqxh/ rewdlqhg dw wkh frvw
ri kljk lq dwlrq/ ru +ll, sxqlwlyho| kljk ixwxuh wd{ uhyhqxhv1
Rxu qh{w vwhs lv wr vhh zkdw wkh lpsdfw ri wkh KLSF lqlwldwlyh zrxog eh rq wkh jryhuq0
phqw*v olihwlph exgjhw frqvwudlqw1 Wr gr wklv/ zh pxvw fkdudfwhul}h wkh lqlwldwlyh lq whupv
ri lwv hhfw rq wkh ydulrxv lwhpv lq wkh jryhuqphqw*v olihwlph exgjhw frqvwudlqw +415,1
:Zh jhqhulfdoo| lqglfdwh wlph ghulydwlyhv/ C]w@Cw/d v b ]w1
7Gluhfw Hhfwv
Dv zh ghvfulehg lq wkh lqwurgxfwlrq/ rqh ihdwxuh ri wkh KLSF lqlwldwlyh lv wkdw grqruv
i r u j l y hv r p hi u d f w l r qr iw k hv f k h g x o h gg h e wv h u y l f hs d | p h q w vs h u w d l q l q jw rdj r y h u q p h q w * v
h{lvwlqj vwrfn ri h{whuqdo ghew1 Dw wkh ghflvlrq srlqw/ zklfk zh zloo uhihu wr dv gdwh f/
wkh suhvhqw ydoxh ri wkh h{lvwlqj vfkhgxohg ghew vhuylfh lv fdofxodwhg/ dqg lv h{suhvvhg dv d
shufhqwdjh ri wkh frxqwu|*v h{sruwv1 Wkh ghew uholhi jlyhq xqghu wkh KLSF lqlwldwlyh zrxog
irujlyh hqrxjk ri wklv ghew vhuylfh wr uhgxfh wklv QSY ri ghew0wr0h{sruwv udwlr wr qr pruh
wkdq 483 shufhqw1; Wr wdnh dq h{dpsoh/ vxssrvh wkh QSY ri ghew0wr0h{sruwv udwlr dw gdwh f
zdv 2Sf shufhqw1<1 Wkhq/ ryhu wkh olih ri wkh lqlwldwlyh/ wkh frxqwu| zrxog uhgxfh lwv vhuylfh
sd|phqwv/ rq ghew h{lvwlqj dw wlph 3/e |d e r x wH shufhqw lq suhvhqw ydoxh whupv1
Wkhuh duh vhyhudo zd|v zh frxog exlog wklv nlqg ri ghew uholhi lqwr htxdwlrqv +415, dqg
+414,1 Rqh zd| zrxog eh wr dvvxph wkdw ehiruh ghew uholhi/ (f/ rq wkh ohiw0kdqg vlgh ri +415,/
wdnhv rq vrph ydoxh1 Zh frxog wkhq dvvxph wkdw diwhu ghew uholhi/ wkhuh lv vlpso| d fkdqjh
lq wkh ohiw0kdqg vlgh ri +415,/ wr d qhz ydoxh (￿
f 'E w(f/z k h u hw uhsuhvhqwv wkh iudfwlrq
ri wkh frxqwu|*v ghew wkdw lv hhfwlyho| fdqfhoohg e| wkh irujlyhq ghew vhuylfh1
Dq dowhuqdwlyh lqwhusuhwdwlrq lv wkdw dw gdwh 3 wkh frxqwu| uhfhlyhv dq dqqrxqfhphqw
iurp grqruv vwdwlqj wkdw wkh suhvhqw ydoxh ri wkh ixwxuh sdwk ri i|j|Mdfc"￿ zloo eh kljkhu e|
wkh dprxqw w(f +f 	w	,/ wkdq lw zrxog kdyh ehhq lq wkh devhqfh ri wkh lqlwldwlyh1
Qrwlfh wkdw wkhvh wzr lqwhusuhwdwlrqv duh lvrprusklf wr rqh dqrwkhu lq whupv ri wkhlu
lpsolfdwlrqv iru wkh uhpdlqlqj lwhpv lq wkh jryhuqphqw*v olihwlph exgjhw frqvwudlqw1 Lq
sduwlfxodu/ xqghu wkh uvw lqwhusuhwdwlrq wkh lqlwldo vwrfn ri ghew lv E  w(f1 Kroglqj wkh
suhvhqw ydoxh ri dlg  rzv frqvwdqw/ wklv lpsolhv wkdw
U "
f El|  C| n  |*|e3o|_| zloo idoo e|
w(f xqghu wkh ghew0uholhi lqlwldwlyh1 Rq wkh rwkhu kdqg/ xqghu wkh vhfrqg lqwhusuhwdwlrq wkh
lqlwldo vwrfn ri ghew lv (f/d q gw k hs u h v h q wy d o x hr ii x w x u hd l g r z vu l v h ve |w(f1D j d l q /w k l v
lpsolhv wkdw
U "
f El|  C| n  |*|e3o|_| zloo idoo e| w(f xqghu wkh lqlwldwlyh1 Zh qg wkh
odwwhu lqwhusuhwdwlrq wr eh pruh frqyhqlhqw qrwdwlrqdoo|/ dqg xvh lw wkurxjkrxw wkh uhvw ri
wklv sdshu1
Wkh qh{w lpsruwdqw ihdwxuh ri wkh KLSF lqlwldwlyh lv lwv frqglwlrqdolw|/ uhtxlulqj wkdw
wkh vdylqjv iurp uhgxfhg ghew vhuylfh eh xvhg wr lqfuhdvh vrfldo vshqglqj1 Zh prgho wklv
;Lq vrph fdvhv ghew uholhi lv fdofxodwhg zlwk uhihuhqfh wr wkh suhvhqw ydoxh ri ghew vhuylfh uhodwlyh wr
jryhuqphqw uhyhqxh1
<Wklv zdv wkh dyhudjh ￿jxuh dfurvv wkh 55 KLSFv wkdw kdg uhdfkhg wkh ghflvlrq gdwh e| 4<<<1 Vhh
Ghyhorsphqw Frpplwwhh +5334,1
8frqglwlrqdolw| dv ehlqj htxlydohqw wr wkh jryhuqphqw pdnlqj dq dqqrxqfhphqw dw gdwh 3
wkdw wkh suhvhqw ydoxh ri wkh ixwxuh sdwk ri iC|j|Mdfc"￿ zloo eh kljkhu e| wkh dprxqw w(f1
Zh uhihu wr wkh hhfwv ri wkh KLSF lqlwldwlyh rq wkh sdwkv ri | dqg C| dv lwv gluhfw
hhfwv1 Zh kdyh fkdudfwhul}hg wkhvh hhfwv dv d fkdqjh lq wkh dqwlflsdwhg sdwkv ri dlg dqg
jryhuqphqw vshqglqj wr i￿
|cC ￿




















3o| n w(f +417,



















|j|Mdfc"￿ duh wkh srvw0ghew uholhi sdwkv ri wd{hv/ wkh prqh| vxsso| dqg wkh





























El| n  |*|e
3o|_|c +419,
zkhuh il|c |c |j|Mdfc"￿ duh wkh sdwkv ri wd{hv/ wkh prqh| vxsso| dqg wkh sulfh ohyho wkdw
zrxog kdyh suhydlohg lq wkh devhqfh ri ghew uholhi1
Lw lv fohdu/ iurp +419,/ wkdw ghew uholhi zlwk KLSF frqglwlrqdolw| grhv qrw uhod{ wkh jry0
huqphqw exgjhw frqvwudlqw lq wkh iroorzlqj vhqvh1 Wr vdwlvi| lwv exgjhw frqvwudlqw/ wkh
jryhuqphqw pxvw udlvh mxvw dv pxfk vhljqlrudjh dqg wd{ uhyhqxh diwhu uhfhlylqj ghew uholhi
dv lw qhhghg wr lq wkh devhqfh ri ghew uholhi1





f l|e3o|_|/l 1 h 1 w k h u hl vq r
fkdqjh lq wd{ uhyhqxhv lqgxfhg e| wkh lqlwldwlyh1 Lq wklv vhwwlqj/ +419, lpsolhv wkdw wkh
lqlwldwlyh fdq kdyh qr lpsdfw rq wkh suhvhqw ydoxh ri vhljqlrudjh uhyhqxh1 Rq wkh rwkhu
kdqg/ ghshqglqj rq krz prqhwdu| srolf| uhvsrqgv wr lqfuhdvhg jryhuqphqw vshqglqj/ dqg
ghshqglqj rq wkh wlplqj ri wkdw lqfuhdvhg vshqglqj/ wkh lq dwlrq udwh fdq ulvh/ idoo/ ru uhpdlq
xqfkdqjhg lq wkh vkruw0uxq1 Zh zloo vhh/ odwhu/ lq vrph prgho0edvhg h{shulphqwv/ wkdw li
wkhuh lv d whpsrudu| ulvh lq lq dwlrq/ lw zloo odwhu idoo ehorz lwv lqlwldo ydoxh1 Li/ iru vrph
uhdvrq/ lq dwlrq zhuh wr ghfolqh lq wkh vkruw uxq/ lw zrxog ulvh deryh lwv lqlwldo ydoxh lq wkh
9orqj0uxq143 Rq wkh rwkhu kdqg/ lw lv srvvleoh wkdw lq dwlrq frxog uhpdlq xqfkdqjhg144 Wr
dfklhyh d ghvluhg sdwk iru lq dwlrq/ wkh jryhuqphqw pxvw fkrrvh wkh dssursuldwh prqhwdu|
srolf|1 Lq vhfwlrq 7 zh zloo vhh wkdw wkh prqhwdu| srolf| frqvlvwhqw zlwk d vwdeoh lq dwlrq sdwk
lv dq dfwlyh rqhlq wkh vhqvh wkdw wkh fhqwudo edqn pxvw qhxwudol}h wkh prqhwdu| lqmhfwlrq
uhvxowlqj iurp lqfuhdvhg jryhuqphqw vshqglqj1
Lqgluhfw Hhfwv
Ri frxuvh/ hyhqwxdoo| zh pxvw prgli| rxu dqdo|vlv wr wdnh dffrxqw ri wkh lqgluhfw hhfwv
ri ghew uholhi rq wkh exgjhw1 Zh zloo gr wklv lq ghwdlo lq vhfwlrqv 6 dqg 7/ exw khuh zh vlpso|
qrwh zkhuh wkdw dqdo|vlv zloo ohdg xv1 Vxssrvh wkdw wkh lqfuhdvhg vrfldo vshqglqj uhtxluhg
xqghu wkh KLSF lqlwldwlyh kdv d srvlwlyh lpsdfw rq jurzwk lq uhflslhqw frxqwulhv1 Lq wklv
fdvh/ wkhuh zloo eh vrph uhod{dwlrq ri wkh jryhuqphqw*v exgjhw frqvwudlqw1 Lw zloo vwloo eh
wuxh wkdw wkh frpelqhg suhvhqw ydoxhv ri wd{hv dqg vhljqlrudjh uhyhqxh zloo eh xqfkdqjhg1
L1h1/ +419, zloo vwloo krog1 Krzhyhu/ qrz vxssrvh wkh jryhuqphqw ohdyhv wd{ udwhv xqfkdqjhg
zkhq lw uhfhlyhv ghew uholhi1 Lq wklv fdvh/ wkh suhvhqw ydoxh ri wd{ uhyhqxh zloo ulvh/ doorzlqj
wkh suhvhqw ydoxh ri vhljqlrudjh uhyhqxh wr eh orzhu1 Ixuwkhupruh/ li wkhuh lv dq lqfuhdvh
lq prqh| ghpdqg uhvxowlqj iurp dq hfrqrplf h{sdqvlrq/ wklv vhljqlrudjh uhyhqxh frxog eh
udlvhg dw d orzhu vwhdg| vwdwh udwh ri lq dwlrq1 Wkxv/ li zh phdvxuhg wkh jryhuqphqw*v vfdo
khdowk e| krz pxfk lq dwlrq lw zrxog qhhg wr jhqhudwh wr forvh lwv exgjhw/ erwk ri wkhvh
hhfwv zrxog eh ehqhfldo1 Lq rughu wr txdqwli| wkhvh lqgluhfw hhfwv zh qhhg d ixoo| vshflhg
prgho/ vxfk dv wkh rqh zh suhvhqw lq vhfwlrq 61
4151 Wkh Jryhuqphqw Exgjhw Frqvwudlqw= Dq Dowhuqdwlyh Lqwhusuhwdwlrq
Lq wklv vhfwlrq zh prgli| rxu dqdo|vlv ri wkh jryhuqphqw exgjhw frqvwudlqw wr h{solflwo|
doorz iru ghidxow/ exw zh zloo pdlqwdlq rxu dvvxpswlrq wkdw ghew lv ghqrplqdwhg lq uhdo
whupv1 Zkdw zh phdq e| h{solflw ghidxow lv wkdw wkh jryhuqphqw fdq dqqrxqfh sdwkv/
il|cC |c |j|Mdfc"￿/ wkdw dorqj zlwk wkh sdwk/ i|j|Mdfc"￿/ ohdg wr d ylrodwlrq ri +415,1 D
yhuvlrq ri +415, vwloo krogv/ exw lq wklv yhuvlrq wkh ohiw kdqg vlgh yduldeoh/ (￿
f /l vdp h d v x u h
ri wkh pdunhw ydoxh +dw wkh glvfrxqw udwh o, ri wkh jryhuqphqw*v ixwxuh sulpdu| vxusoxvhv
43Wklv edvlf srlqw olhv dw wkh fruh ri prghov ri fxuuhqf| fulvhv lq zklfk jryhuqphqwv wkdw duh xqdeoh wr forvh
wkhlu olihwlph exgjhw frqvwudlqwv zlwkrxw uhvruw wr vhljqrudjh uhyhqxh duh uhtxluhg wr hyhqwxdoo| dedqgrq
dq| h{fkdqjh udwh duudqjhphqw wkdw olplwv wkhlu dffhvv wr lw1 Vhh/ iru h{dpsoh/ Nuxjpdq +4<:<,/ Iorrg dqg
Jduehu +4<;7,/ Revwihog +4<;9,/ Gud}hq dqg Khospdq +4<;:,/ dqg Exuqvlgh/ Hlfkhqedxp dqg Uhehor +5334,1
44Dqwlflsdwlqj rxu odwhu uhvxowv/ wklv zrxog eh wkh fdvh li P3
w @ Pw iru doo w1






El| n | n  |*|  C|e
3o|_| +41:,
Hvvhqwldoo|/ +41:, uhfrjql}hv wkh idfw wkdw jryhuqphqwv riwhq gr qrw udlvh vx!flhqw ixqgv wr
krqru +415,145
Wklv qdwxudoo| ohdgv wr dq dowhuqdwlyh lqwhusuhwdwlrq ri d khdylo| lqghewhg jryhuqphqw=
jlyhq wkh jryhuqphqw*v dqqrxqfhg sdwkv iru il|cC |c |j|Mdfc"￿ dqg wkh grqruv* dqqrxqfhg





Xqghu wklv lqwhusuhwdwlrq zh gr qrw qhhg wr wklqn ri KLSF jryhuqphqwv dv rqhv zklfk zrxog
uhtxluh h{wudruglqdulo| kljk ixwxuh wd{ ru vhljqlrudjh uhyhqxhv wr forvh wkh exgjhw frqvwudlqw
+415,1 Lqvwhdg zh fdq wklqn ri wkhvh jryhuqphqwv dv rqhv zklfk duh xqdeoh +ru xqzloolqj, wr
udlvh vx!flhqw uhyhqxhv wr gr vr1
Krz zrxog zh phdvxuh wkh lpsdfw ri wkh KLSF lqlwldwlyh lq wklv vhwwlqjB Lq wkh suhylrxv
vxevhfwlrq/ zh jdyh wzr lqwhusuhwdwlrqv ri wkh KLSF lqlwldwlyh1 Lq rqh lqwhusuhwdwlrq/ wkh
lqlwldwlyh gluhfwo| uhgxfhv wkh lqlwldo vwrfn ri ghew wr (￿
f 'E  w(f1L w d o v rl q f u h d v hw k h
suhvhqw ydoxh ri C| e| w(f1 Vr lq wklv fdvh/ wkh pdunhw ydoxh ri wkh jryhuqphqw ixwxuh vxu0
soxvhv/ (￿
f idoov e| h{dfwo| wkh ghfolqh lq lqlwldo ghew1 Dffruglqj wr rxu pdlq lqwhusuhwdwlrq/
(f grhvq*w fkdqjh/ exw wkh suhvhqw ydoxhv ri | dqg C| erwk lqfuhdvh e| w(f1 Wkhuhiruh/
(￿
f grhvq*w fkdqjh hlwkhu1 Dffruglqj wr erwk ri wkhvh lqwhusuhwdwlrqv wkhuh lv qr fkdqjh lq
wkh jryhuqphqw*v vroyhqf| dv phdvxuhg e| (f  (￿
f 1
4161 Wkh Jryhuqphqw Exgjhw Frqvwudlqw= Rqh Pruh Lqwhusuhwdwlrq
Zh zlvk wr hpskdvl}h wkdw rxu frqfoxvlrqv uhjduglqj wkh lpsdfw ri wkh KLSF lqlwldwlyh rq
wkh jryhuqphqw*v exgjhw duh qrw vshflf wr rxu prgholqj wkh lqlwldwlyh dv dq lqfuhdvh lq
dlg  rzv/ zlwk wkrvh  rzv ehlqj xvhg wr pdnh ghew vhuylfh sd|phqwv1 Rxu uhvxowv zloo eh
xqfkdqjhg zkhq zh lqwurgxfh vhsdudwh qrwdwlrq iru wkh ghew vhuylfh sd|phqwv dvvrfldwhg
zlwk wkh lqlwldo ghew vwrfn/ (f/ dqg zh h{dplqh d uhgxfwlrq lq wkh pdjqlwxgh ri wkhvh
45E| pdunhw ydoxh zh gr qrw phdq wr vxjjhvw wkdw wkhuh lv dq dfwlyh pdunhw lq zklfk wkh ghew ri KLSF
frxqwulhv lv wudghg1 Udwkhu/ e| pdunhw ydoxh/ zh uhihu wr wkh ydoxh ri d fodlp wr wkh hqwluh ixwxuh vwuhdp ri
wkh jryhuqphqw*v dfwxdo sulpdu| vxusoxvhv lqfoxvlyh ri vhljqlrudjh uhyhqxh1
;sd|phqwv146
Wr vhh wklv/ frqvlghu wkh  rz exgjhw frqvwudlqw/ +414,/ zklfk zh uhshdw khuh=
 (| ' o(| n C|  l|  |   |*|c
Hyhq zkhq d jryhuqphqw grhvq*w vdwlvi| wkh olihwlph exgjhw frqvwudlqw/ +415,/ wklv htxdwlrq
ghvfulehv wkh hyroxwlrq ri wkh ydoxh ri wkh errn ydoxh ri lwv ghew147 Zh qrwh wkdw iru |:f/
wkh whup  (| fdq eh eurnhq lqwr wkuhh frpsrqhqwv= +l, qhz ghew lvvxhg dw gdwh | +wklv fdq eh
hlwkhu qhz frqwudfwxdo ghew ru qhz dgglwlrqv wr wkh vwrfn ri ghew gxh wr duuhduv, plqxv +ll,
vfkhgxohg dpruwl}dwlrq ri dq| ghew lvvxhg diwhu gdwh f/ plqxv +lll, vfkhgxohg dpruwl}dwlrq
ri ghew lvvxhg ehiruh gdwh f1W k hw h u po(| fdq eh eurnhq lqwr wzr slhfhv= +ly, lqwhuhvw rq
ghew lvvxhg diwhu wlph f/ dqg +y, vfkhgxohg lqwhuhvw rq ghew lvvxhg ehiruh gdwh 31
Ohw wkh vwrfn ri ghew lvvxhg iurp gdwh f iruzdug eh |/ dqg qrwlfh wkdw f 'f 1W k h
whupv +l, plqxv +ll, fohduo| htxdo  |1 Wkh whup +ly, lv o|1Z ho h w7| ghqrwh wkh vxp ri whupv
+lll, dqg +y,= l1h1 vfkhgxohg ghew vhuylfhlqwhuhvw soxv dpruwl}dwlrqrq ghew wkdw h{lvwhg dw
wlph f1 Vr qrz zh fdq uhzulwh wkh jryhuqphqw*v  rz exgjhw frqvwudlqw dv
 | ' o| n 7| n C|  l|  |   |*| +41;,
Li zh uroo wklv exgjhw frqvwudlqw iruzdug/ qrwlfh wkdw zh rewdlq
f'f ' e
3o7 |7 | n
] 7 |
f
El| n | n  |*|  C|  7|e
3o|_| +41<,
zkhuh 7 | lv wkh gdwh dw zklfk doo suh0h{lvwlqj ghew dw wlph 3/ zrxog kdyh ehhq sdlg r jlyhq
wkh vfkhgxoh ri vhuylfh sd|phqwv rq wkdw ghew1 Suhvxpdeo|/ 7 |  A/ jlyhq wkh lqlwldwlyh*v
ghvljq1
Zh fdq prgho ghew uholhi zlwk KLSF frqglwlrqdolw| dv d fxw lq wkh suhvhqw ydoxh ri
wkh vwuhdp ri ghew vhuylfh sd|phqwv/
U 7 |
f 7|e3o|_|/ zlwk dq lqfuhdvh lq wkh suhvhqw ydoxh ri
jryhuqphqw sxufkdvhv/
U 7 |
f C|e3o|_|/ ri dq htxdo dprxqw1 Fohduo|/ wkhq/ wklv grhv qrw doorz
iru d fkdqjh lq wkh vxp ri wkh rwkhu lwhpv lq +41<,/ e3o7 |7 | n
U 7 |
fEl| n| n  |*|e3o|_|1L wl v
lq wklv vhqvh wkdw wkh jryhuqphqw*v olihwlph exgjhw frqvwudlqw lv qrw uhod{hg1 Ixuwkhupruh/
lw lv fohdu wkdw zh frxog prgho wkh lqlwldwlyh dv dq lqfuhdvh lq wkh suhvhqw ydoxh ri | +udwkhu
wkdq d ghfuhdvh lq wkh suhvhqw ydoxh ri 7|,/ dqg zh zrxog uhdfk wkh vdph frqfoxvlrq1
46Wr wklv srlqw/ zkdw lv vshfldo derxw rxu dqdo|vlv lv wkdw zh kdyh ljqruhg wkh lqgluhfw h￿hfwv ri wkh
lqlwldwlyh1
47Ri frxuvh/ wklv vwdwhphqw dvvxphv wkdw wkh lqwhuhvw udwh dssursuldwh iru wkh errn ydoxh lv vrph frqvwdqw/
u1
<51 H{whqglqj wkh Prgho
Lq wklv vhfwlrq zh h{whqg rxu prgho vr wkdw zh fdq ghvfuleh +l, wkh lqgluhfw hhfwv ri wkh KLSF
lqlwldwlyh rq wkh jryhuqphqw*v olihwlph exgjhw frqvwudlqw dqg +ll, wkh g|qdplf lq dwlrqdu|
lpsolfdwlrqv ri glhuhqw srolf| uhvsrqvhv wr ghew uholhi1 Rxu h{whqvlrqv frqvlvw ri d prqh|
ghpdqg ixqfwlrq/ dqg d vlpsoh prgho ri krz ghew vhuylfh vdylqjv uhgluhfwhg wr sryhuw|
uhgxfwlrq vshqglqj pds lqwr lqfuhdvhg hfrqrplf dfwlylw|1
5141 Wkh Prqh| Ghpdqg Ixqfwlrq
Zh prgho wkh ghpdqg iru orfdo fxuuhqf| xvlqj wkh idploldu Fdjdq +4<89, prqh| ghpdqg
ixqfwlrq
*?E|*|'@ n* ?t|  #Eo n Z| +514,
zkhuh @ lv vrph frqvwdqw/ t| uhsuhvhqwv wkh ohyho ri rxwsxw/ Z| lv wkh lq dwlrq udwh +l1h1
Z| '  |*|,d q g#:f1 Zh gr qrw eholhyh wkdw wkh lpsolfdwlrqv ri wkh Fdjdq vshflfdwlrq
glhu vxevwdqwldoo|/ lq dq| txdolwdwlyh pdqqhu/ iurp wkrvh ghulyhg iurp dowhuqdwlyh prqhwdu|
prghov148 Krzhyhu/ wkh Fdjdq vshflfdwlrq kdv frpsxwdwlrqdo dgydqwdjhv1
Zh fdq xvh wkh idfw wkdw Z| '  |*| wr ghulyh d jhqhulf vroxwlrq iru wkh sulfh ohyho xqghu
wkh dvvxpswlrq wkdw lw lv d frqwlqxrxv ixqfwlrq ri wlph149 Zh fdq uhzulwh +514, dv
R| ' #o  @ n* ? E |*t|n#  R|c +515,
zkhuh R| '* ?|1 Wklv lpsolhv wkdw
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5151 Doorzlqj iru Rxwsxw Hhfwv
Dv zh phqwlrqhg lq vhfwlrq 4/ ghew vhuylfh vdylqjv gluhfwhg wr lqfuhdvhg vshqglqj rq sryhuw|
uhgxfwlrq pd| kdyh d vljqlfdqw lpsdfw rq wkh jryhuqphqw exgjhw wkurxjk wkhlu hhfw rq
rxwsxw1 Ohw wkh dgglwlrqdo jryhuqphqw vshqglqj rq sryhuw| uhgxfwlrq xqghu wkh lqlwldwlyh
48Lq ixwxuh zrun zh zloo h{whqg rxu dqdo|vlv wr d jhqhudo htxloleulxp iudphzrun wr vkrz wkdw rxu ￿qglqjv
uhjduglqj lq dwlrq duh urexvw1
49Wklv lv d vwdqgdug dvvxpswlrq lq dq| rqh jrrg prgho zkhuh wkh sulfh ohyho dqg wkh h{fkdqjh udwh pxvw
eh frqwlqxrxv wr dyrlg suhglfwdeoh duelwudjh rssruwxqlwlhv1
4:Wr vhh wkdw wkh vroxwlrq wr +515,lv lqghhg jlyhq e| +516,/ vhh Dsshqgl{ E1
43eh jlyhq e| 	 C|1 D vlpsoh zd| wr doorz iru rxwsxw hhfwv lv wr dvvxph wkdw vrph iudfwlrq
f 	k  ri wklv vshqglqj kdv dq lqyhvwphqw frpsrqhqw/ zkhuh lqyhvwphqw lv ghqhg
eurdgo|1 Zh ghqrwh wkh vwrfn ri fdslwdo vshflfdoo| exlow e| wklv lqyhvwphqw dv g|1L q l w l d o o |
zh kdyh gf 'f 1Z ho h wg| hyroyh dffruglqj wr
 g| ' k 	 C|  Bg| iru |  f1+ 5 1 7 ,
Wr nhhs rxu prgho dv vlpsoh dv srvvleoh/ zh zloo dvvxph wkdw wkh ohyho ri rxwsxw/ devhqw ghew
uholhi/ lv vrph frqvwdqw/ t / dqg wkdw wkh ohyho ri rxwsxw zlwk ghew uholhi lv t| ' t n 4g| iru
vrph 4  f1Z hz l o od v v x p hw k d ww d {u h y h q x hl vs u r s r u w l r q d ow rt|/l 1 h 1l| ' /t| iru doo |1
5161 Dq Lqlwldo Vwhdg| Vwdwh
Zh zloo dvvxph wkdw dw wlph f wkh hfrqrp| lv lqlwldoo| lq d vwhdg| vwdwh zkhuh t| ' t /
C| ' C/ l| ' /t/ | ' / Z| ' Z/ |*| ' 6 ' e@3#EonZ￿t 1 Wkhvh dvvxpswlrqv lpso| wkdw
 (| ' o(| n C  /t    Z6
Zh dovr dvvxph wkdw wkh vwrfn ri ghew lq wkh lqlwldo vwhdg| vwdwh lv frqvwdqw/ vr wkdw  (| 'f /
dqg
Z6n /t ' o(f n C   +518,
Wklv vwhdg| vwdwh yhuvlrq ri wkh jryhuqphqw exgjhw frqvwudlqw looxvwudwhv/ rqfh djdlq/ rxu
lqwhusuhwdwlrq ri d khdylo| lqghewhg jryhuqphqw1 Kroglqj C dqg  {hg/ wkh kljkhu wkh ohyho
ri wkh jryhuqphqw*v ghew/ (f/ wkh kljkhu lwv lq dwlrq udwh pxvw eh +ryhu wkh udqjh Z	*#/
Z6 lv lqfuhdvlqj lq Z,/ ru wkh pruh sxqlwlyh lwv wd{hv pxvw eh1
Zh vkrxog srlqw rxw wkdw rxu dqdo|vlv grhv qrw ghshqg lq dq| fuxfldo zd| rq wkh lqlwldo
vwhdg| vwdwh dvvxpswlrq1 Udwkhu/ wklv dvvxpswlrq ohqgv xv vrph dqdo|wlfdo frqyhqlhqfh
zlwkrxw dhfwlqj rxu edvlf phvvdjh1
5171 Fkdudfwhul}lqj wkh KLSF Lqlwldwlyh
Zh lqwhusuhw wkh KLSF lqlwldwlyh dv dq dwwhpsw wr lpsuryh wkh vfdo srvlwlrq ri wkh uhflslhqw
jryhuqphqw uhodwlyh wr wkh lqlwldo vwhdg| vwdwh srvlwlrq1 Lq whupv ri wkh dqdo|vlv lq vhfwlrq
4 zh zloo zrun zlwk wkh uvw ri rxu wkuhh lqwhusuhwdwlrqv ri wkh KLSF lqlwldwlyh dqg lwv
frqglwlrqdolw|/ wkrxjk zh uhlwhudwh wkdw rxu frqfoxvlrqv duh qrw vhqvlwlyh wr wkdw fkrlfh zklfk
lv phuho| qrwdwlrqdo1 Zh uvw lpdjlqh wkdw dw wlph f/ dq hfrqrp| lv lq d vwhdg| vwdwh dv
44ghvfulehg e| wkh suhylrxv vxevhfwlrq1 Zh wkhq dvvxph wkdw wkh frxqwu| uhfhlyhv d suhylrxvo|
xqdqwlflsdwhg lqmhfwlrq ri dlg wkdw odvwv xqwlo shulrg Awklv fdswxuhv wkh qlwh olihwlph ri wkh




E n  iru f  |	A
 iru |  Ac +519,
zkhuh :f ghwhuplqhv wkh lqfuhdvh lq dlg14; Zh lqwhusuhw wkh frqglwlrqdolw| ri wkh KLSF
lqlwldwlyh dv uhtxlulqj wkdw jryhuqphqw h{shqglwxuh lqfuhdvh e| dv pxfk dv wkh dlg  rz xqwlo
gdwh A14< L1h1 zh dvvxph wkdw
C| '
+
C n  iru f  |	A
C iru |  A +51:,
Jlyhq rxu qrwdwlrq/ deryh/ wklv phdqv 	 C| '  iru f  |	Adqg 	 C| 'firu |  A1
Vlqfh wkh lqfuhdvh lq |/ lq rxu prgho/ sod|v wkh uroh ri ghfuhdvhg ghew vhuylfh sd|phqwv
lq wkh exgjhw frqvwudlqw/ zh dvvxph wkdw ghewruv vhw  lq rughu dfklhyh d sduwlfxodu ghew


















5181 Wkh Sdwk ri Rxwsxw
Rxu dvvxpswlrqv vr idu duh vx!flhqw wr ghwhuplqh wkh sdwkv ri rxwsxw/ t|/ dqg wd{ uhyhqxhv/
l|1 Zh kdyh dvvxphg wkdw  g| ' k 	 C|  Bg| iru |  f/ gf 'f / 	 C| '  iru f  |  A/
	 C| 'firu |:A /d q gt| ' t n 4g|1 Zlwk wkhvh dvvxpswlrqv zh fdq hdvlo| vroyh iru











4;Qrwlfh wkdw diwhu shulrg W dlg  rzv uhyhuw wr wkhlu iruphu ohyhov1 Wklv ljqruhv wkh srvvlelolw|/ srlqwhg wr
e| Frkhq +4<<<,/ wkdw grqruv zloo ghfuhdvh wkhlu qrq0ghew uholhi dlg rqfh wkh KLSF lqlwldwlyh lv zhoo xqghu
zd|1
4<Dowhuqdwlyho| zh frxog dvvxph wkdw wudqvihuv iurp wkh jryhuqphqw wr wkh sulydwh vhfwru lqfuhdvh ryhu
wkh lpsohphqwdwlrq shulrg ri wkh lqlwldwlyh1 Wkh htxlydohqfh ri jryhuqphqw sxufkdvhv dqg wudqvihuv zrxog
qrw fduu| ryhu wr d jhqhudo htxloleulxp prgho1




E4k*B dqg iru |:A




E4k*B153 W k hs d w kr iw d {u h y h q x hl vj l y h qe |l| ' /t|1
Zh duh qrz deoh wr phdvxuh wkh lqfuhdvh lq wkh suhvhqw ydoxh ri wd{ uhyhqxh gxh wr wkh
hhfw ri wkh ghew uholhi lqlwldwlyh rq rxwsxw1 Wklv lv jlyhq e|
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Qrwlfh wkdw +5143, uhodwhv wkh lqfuhdvh lq wkh suhvhqw ydoxh ri wd{ uhyhqxhv wr wkh pdjqlwxgh
ri wkh ghew uholhi sdfndjh1
5191 Prqhwdu| Srolf|
Wr forvh wkh prgho/ dqg ghvfuleh wkh sdwkv ri sulfhv/ lq dwlrq dqg ghew/ xqghu wkh lqlwldwlyh/
zh qhhg wr ghvfuleh prqhwdu| srolf| diwhu gdwh f1 Jlyhq wkdw zh kdyh ghwhuplqhg wkh sdwkv
ri |/ C| dqg l|/ wkhuh duh lqqlwho| pdq| sdwkv ri wkh prqh| vxsso| wkdw duh frqvlvwhqw
zlwk wkh olihwlph exgjhw frqvwudlqw/ +41:,1
Wr looxvwudwh wkh hhfwv ri glhuhqw prqhwdu| srolflhv/ zh dvvxph wkdw
|*t| '
+
Ef*tfe￿| iru f  |	A
EA*tAe7 ￿E|3A￿ iru |  A
+5144,
Vr zh kdyh uhvwulfwhg rxuvhoyhv wr wkh fodvv ri prqhwdu| srolflhv lq zklfk prqh| jurzv
dw d frqvwdqw udwh uhodwlyh wr uhdo JGS/ ryhu hdfk ri wkh wzr vxelqwhuydov1 Zlwklq wklv
fodvv ri srolflhv wkhuh duh vwloo lqqlwho| pdq| wkdw vdwlvi| wkh jryhuqphqw*v olihwlph exgjhw
frqvwudlqw/ exw zh irfxv rq wzr lqwhuhvwlqj fdvhv1
Lq zkdw iroorzv lw zloo eh xvhixo wr kdyh dq h{suhvvlrq iru wkh htxloleulxp lq dwlrq udwh
jlyhq wkdw prqhwdu| srolf| lv dv ghvfulehg lq +5144,1 Lq wkh dsshqgl{ zh hvwdeolvk wkdw +516,
lpsolhv
Z| ' R| '
+
 nE7   eE|3A￿*# iru f  |	A
7  iru |  Ac
+5145,
jlyhq +5144,1
53Qrwh wkdw rxu prgho lpsolhv wkdw olpw$4 \w @ \ 1 Wklv phdqv/ e| dvvxpswlrq/ wkdw rxwsxw hyhqwxdoo|
uhwxuqv wr lwv lqlwldo vwhdg| vwdwh ydoxh1 Vr rxu iudphzrun lv qrw rqh lq zklfk wkh lqyhvwphqw lpsolflw lq
wkh KLSF lqlwldwlyh ohdgv wr d shupdqhqw fkdqjh lq wkh jurzwk udwh ri wkh hfrqrp|1 Zh frpphqw rq wkh
lpsruwdqfh ri wklv dvvxpswlrq lq Vhfwlrq 71
46Dfwlyh Prqhwdu| Srolf|
Lq rxu uvw h{dpsoh/ zh fdoo prqhwdu| srolf| dfwlyh/ ehfdxvh wkh prqhwdu| dxwkrulw| wulhv
wr nhhs lq dwlrq vwdeoh dfurvv wkh wzr lqwhuydov= f  |  A dqg |:A 1 L1h1 wkh prqhwdu|
dxwkrulw| fkrrvhv  dqg 7  vr wkdw Z| '7 Z/i r ud o o|  f/ iru vrph frqvwdqw 7 Z1I u r p+ 5 1 4 5 ,l w
lv fohdu wkdw wklv uhtxluhv Z| '7 Z '  '7  iru |  f1 Lq grlqj wklv/ wkh prqhwdu| dxwkrulw|
pxvw hqvxuh wkdw wkh jryhuqphqw*v olihwlph exgjhw frqvwudlqw/ +415,/ lv vdwlvhg1 Qrwlfh wkdw
+415, fdq eh uhzulwwhq dv
] "
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Zh kdyh douhdg| ghwhuplqhg wkh ohiw0kdqg vlgh ri +5146,1 Zh dovr kdyh Z dqg 61J l y h qr x u
rwkhu uhvxowv/ wkh sdwk ri  |*| lv frpsohwho| ghwhuplqhg e| 1 Ehfdxvh +5146, lv d qrqolqhdu
htxdwlrq lq / zh vroyh lw qxphulfdoo| dv ghvfulehg lq wkh dsshqgl{1
Sdvvlyh Prqhwdu| Srolf|
Zh odeho rxu vhfrqg h{dpsoh sdvvlyh prqhwdu| srolf|1 Lq zkdw iroorzv zh ghvfuleh
wkh phfkdqlfv ri wkh h{dpsoh dqg h{sodlq zk| wkh odeholqj lv qdwxudo1 Zh kdyh dvvxphg
wkdw jryhuqphqw vshqglqj lqfuhdvhv iurp C wr C| ' C n lq wkh shulrg f  |  A1
Zkhq jryhuqphqw vshqglqj lqfuhdvhv wkhuh lv d qdwxudo whqghqf| iru dgglwlrqdo oltxlglw| wr
eh lqmhfwhg lqwr wkh hfrqrp|1 Ri frxuvh/ lq rxu h{dpsoh/ wkh jryhuqphqw lv dovr fxwwlqj
vshqglqjrq ghew vhuylfh1 Exw ghew vhuylfh sd|phqwv duh pdgh lq iruhljq fxuuhqf|1 Vr d
qdwxudo h{shulphqw lv rqh lq zklfk wkh jryhuqphqw hlwkhu dffxpxodwhv uhvhuyhv/ zlwk wkh
vdylqjv iurp ghew vhuylfh/ ru dffxpxodwhv qhz ghew ohvv txlfno|1 Dw wkh vdph wlph wkh
jryhuqphqw doorzv wkh dgglwlrqdo oltxlglw| wr qdqfh lwv lqfuhdvhg vshqglqj1 Rvhwwlqj wklv
lqfuhdvh lq oltxlglw| lv dq| lqfuhdvh lq wd{hv1 Zkdwhyhu qhz oltxlglw| lv qrw uhpryhg lq
wkh irup ri qhz wd{hv uhsuhvhqwv qhz vhljqlrudjh uhyhqxh1 Wkh uhdvrq zh fdoo wklv sdvvlyh
prqhwdu| srolf| lv wkdw wkh jryhuqphqw zloo doprvw qdwxudoo| qg lwvhoi lq wklv srvlwlrq li lw
lqfuhdvhv grphvwlf vshqglqj zkloh uhdslqj vdylqjv rq wkh iruhljq h{fkdqjh sduw ri lwv edodqfh
vkhhw1
Lq whupv ri rxu qrwdwlrq wklv phdqv wkdw wkh suhvhqw ydoxh ri qhz vhljqlrudjh uhyhqxh
udlvhg ehwzhhq shulrgv f dqg A lv jlyhq e|
] A
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/Et|  t e
3o|_| +5147,
47Wkdw lv/ qhz vhljqlrudjh wkurxjk gdwh A lv htxdo wr wkh glhuhqfh ehwzhhq wkh suhvhqw ydoxh
ri qhz vshqglqj dqg wkh suhvhqw ydoxh ri qhz wd{hv wkurxjk gdwh A1 Wkh uljkw0kdqg vlgh
ri +5147, lv ghwhuplqhg frpsohwho| e| rxu suhylrxv uhvxowv1 Wkh ohiw0kdqg vlgh ri +5147, lv d
qrqolqhdu ixqfwlrq ri  dqg 7 / vr +5147, uhsuhvhqwv rqh htxdwlrq lq rxu wzr xqnqrzqv/  dqg
7 1
Dq lqwhuhvwlqj lpsolfdwlrq ri sdvvlyh prqhwdu| srolf| lv wkdw lw fuhdwhv d olqn ehwzhhq
wkh dprxqw ri ghew wkh jryhuqphqw lv ohiw zlwk dw gdwh A/d q gw k hd p r x q wr ig h e wu h o l h il w
uhfhlyhv xqghu wkh lqlwldwlyh1 Wr vhh wklv/ zh fdq uroo wkh exgjhw frqvwudlqw/ +414,/ iruzdug





E/t|  C| n | n  |*|e
3o|_| +5148,
Li zh frpelqh +5147, dqg +5148,/ dqg xvh wkh vwhdg| vwdwh frqglwlrq +518,/ zh rewdlq







Lq rwkhu zrugv/ e| wkh frpsohwlrq gdwh ri wkh lqlwldwlyh/ wkh jryhuqphqw*v ghew kdv ehhq
uhgxfhg e| wkh fdslwdol}hg ydoxh ri wkh ghew uholhi1
Lw lv iurp wklv odvw uhvxow wkdw zh jhw rxu vhfrqg htxdwlrq wr ghwhuplqh  dqg 7 1F r q v l g h u




El|  C| n | n  |*|e
3oE|3A￿_| +514:,








E  |*|  Z6e
3o|_| +514;,
Wklv htxdwlrq vwdwhv wkdw wkh suhvhqw ydoxh +dw gdwh 3, ri wd{hv dqg vhljqlrudjh udlvhg diwhu
gdwh A fdq ghfolqh e| wkh ydoxh ri wkh ghew uholhi sdfndjh1 Wkh ohiw0kdqg vlgh dqg wkh uvw
whup rq wkh uljkw0kdqg vlgh ri +514;, duh ghwhuplqhg e| rxu suhylrxv uhvxowv1 Wkh vhljqlrudjh
whup lq +514;, lv ghwhuplqhg e| 7 1
Vr rxu vwudwhj| iru vroylqj wkh prgho xqghu sdvvlyh prqhwdu| srolf| lv wr vroyh +514;,
qxphulfdoo| iru 7 1 Wkhq zh vroyh +5147, qxphulfdoo| iru 1 Wklv surfhgxuh lv ghvfulehg lq
pruh ghwdlo lq wkh dsshqgl{1
Lq wkh qh{w vhfwlrq ri wkh sdshu zh wxuq wr d txdqwlwdwlyh dqdo|vlv ri wkh prgho lq zklfk
zh frpsduh wkh hhfwv ri wkh wzr prqhwdu| srolflhv rq wkh htxloleulxp sdwkv ri sulfhv/
48lq dwlrq dqg ghew1 Zh vkrz krz wkh wzr srolflhv/ dfwlyh dqg sdvvlyh/ rhu d glvwlqfw fkrlfh
wr wkh srolf| pdnhu1 Zh vkrxog eh fohdu/ krzhyhu/ wkdw wkh srlqw zh pdgh lq vhfwlrq 4
shuwdlqv wr doo srolf| fkrlfhv= jlyhq wkh frqglwlrqdolw| ri wkh lqlwldwlyh/ wkh suhvhqw ydoxh ri
wrwdo uhyhqxhv wkdw wkh jryhuqphqw pxvw udlvh iurp vhljqlrudjh dqg wd{hv zloo eh xqfkdqjhg
uhodwlyh wr wkh lqlwldo vwhdg| vwdwh1 Li ghew uholhi lv hhfwlyh lq udlvlqj rxwsxw/ krzhyhu/ udlvlqj
wkhvh uhyhqxhv pd| eh hdvlhu/ lq wkh vhqvh wkdw wkh jryhuqphqw pd| eh deoh wr rewdlq wkh
vdph uhyhqxh zlwk orzhu wd{ udwhv dqg2ru orzhu lq dwlrq1 Khuh zh kdyh ghvfulehg d phwkrg
iru vroylqj wkh prgho zkhuh wkh wd{ udwh / lv khog {hg1 Wkxv/ wkh lqgluhfw hhfwv ri ghew
uholhi/ lq rxu h{dpsohv/ doo zrun wkurxjk dq lqfuhdvh lq wd{ uhyhqxhv/ dqg dq rvhwwlqj ghfolqh
lq vhljqlrudjh uhyhqxhv1
61 Vlpxodwlqj wkh Prgho
Lq wklv vhfwlrq ri wkh sdshu zh h{soruh d fdoleudwhg h{dpsoh ri wkh prgho1 Xvlqj wklv h{dpsoh
zh zloo h{soruh wkh surshuwlhv ri wkh htxloleulxp xqghu wkh wzr srolf| uhjlphv ghvfulehg
deryh1 Rxu uvw vwhs lv wr fdoleudwh vrph ri rxu sdudphwhuv1
6141 Fdoleudwlrq
Zh vhw wkh uhdo lqwhuhvw udwh/ o 'f fD1 Zh vhw wkh lqwhuhvw hodvwlflw| ri prqh| ghpdqg
wr # 'f D1 Wklv ydoxh vhhpv eurdgo| frqvlvwhqw zlwk wkh hvwlpdwhv ri lqwhuhvw hodvwlflwlhv
uhsruwhg e| Hdvwhuo|/ Pdxur/ dqg Vfkplgw0Kheeho +4<<8, iru ghyhorslqj frxqwulhv1 Zkloh rxu
txdqwlwdwlyh qglqjv duh vhqvlwlyh wr wklv fkrlfh/ rxu txdolwdwlyh qglqjv duh lqyduldqw wr lw1
Zh qrupdol}h rxwsxw dv t ' 1Z hv h w@/ wkh frqvwdqw lq wkh Fdjdq prqh| ghpdqg ixqfwlrq/
wr eh d ydoxh frqvlvwhqw zlwk uhdo edodqfhv ehlqj 58 shufhqw ri JGS lq d }hur lq dwlrq
hfrqrp|1 Qrwlfh wkdw rxu prgho suhglfwv wkdw lq vxfk dq hfrqrp| |*E|t|'e@3#o/v r
wkdw zh vhw @ ' #o n* ? E f 2D  S1
Zh vhw wkh lqlwldo ohyho ri jryhuqphqw ghew dw ( 'f .t /r u: 3s h u f h q wr iJ G S 1Z h
ohw vwhdg| vwdwh jryhuqphqw sxufkdvhv C 'f 2t 1 Zh dvvxph wkdw wkh jryhuqphqw uxqv d
sulpdu| ghflw lq wkh devhqfh ri dlg lq rzv1 Wkdw lv/ zh vhw / 'f D/ vr wkdw lq wkh lqlwldo
vwhdg| vwdwh l'/t 	 C1 Zh dvvxph wkdw lq wkh lqlwldo vwhdg| vwdwh/ wkh jryhuqphqw
uhfhlyhv dq dlg lq rz ri 6 shufhqw ri JGS1 L1h1  'f ft 1
Rxu dvvxpswlrqv uhjduglqj wkh lqlwldo ydoxhv ri (/ C/ l/d q g ghwhuplqh wkh lqlwldo
v w h d g |v w d w hl q  d w l r qu d w hd q gw k ho h y h or iu h d oe d o d q f h v 1Z hk d y hv h ww k h v hy d o x h vw re hv x f k
49wkdw wkh jryhuqphqw*v lqlwldo vfdo srvlwlrq lv uhodwlyho| zhdnlw uhtxluhv d kljk lq dwlrq
udwh/ dqg frqvlghudeoh dprxqwv ri vhljqlrudjh wr forvh lwv exgjhw frqvwudlqw1 Lq sduwlfxodu/
jlyhq rxu sdudphwhu ydoxhv/ vwhdg| vwdwh vhljqlrudjh lv jlyhq e|
6Z ' o( n C  l   'f fDDt
ru 818 shufhqw ri JGS1 Wkh vwhdg| vwdwh lq dwlrq udwh lv derxw 58 shufhqw1 Vwhdg| vwdwh uhdo
edodqfhv duh 6  f22t 154
Zh dvvxph wkdw wkh KLSF lqlwldwlyh lqfuhdvhv dlg wr rxu fwlwlrxv frxqwu| ryhu d 43 |hdu
shulrg/ l1h1 A ' f 1Z hv h w  fb/ vr wkdw wkh fdslwdol}hg ydoxh ri wkh irujlyhq ghew vhuylfh
lv htxdo wr 83 shufhqw ri wkh frxqwu|*v lqlwldo vwrfn ri ghew/ l1h1 zh vhw EeoA  *o '
fD(f 'f Dt 1 Rxu dvvxpswlrqv derxw phdqv wkdw wkh frxqwu| uhfhlyhv d  rz ri ghew
uholhi ri derxw 51: shufhqw ri JGS ryhu wkh olih ri wkh lqlwldwlyh1
Lq fkrrvlqj wkh sdudphwhuv ri wkh surgxfwlrq whfkqrorj| ghvfulehg hduolhu/ zh vhhn d
uhdvrqdeoh xsshu erxqg iru wkh lqgluhfw hhfwv ri ghew uholhi zlwk KLSF frqglwlrqdolw|1 Zh
vhw B/ wkh ghsuhfldwlrq udwh/ htxdo wr f1 Zh pdnh uhodwlyho| jhqhurxv dvvxpswlrqv derxw
wkh surgxfwlylw| ri dlg lq jhqhudwlqj dgglwlrqdo rxwsxw155 Zh dvvxph wkdw doo dlg lv lqyhvwhg/
l1h1 k ' / dqg wkdw wkh rxwsxw0fdslwdo udwlr lv 318/ l1h1 4 'f D1 Wkhvh vhhp olnh jhqhurxv
dvvxpswlrqv wr xv iru wkh iroorzlqj uhdvrq1 Vxssrvh zh qg wkh ydoxh ri b vxfk wkdw
] "
f
dt|  t  EC|  Coe
3b|_| 'f 
Fohduo| b lv wkh udwh ri uhwxuq rq wkh lqfuhdvhg vrfldo vshqglqj156 Jlyhq rxu uhvxowv iurp




















Lw lv vwudljkwiruzdug wr vkrz wkdw wkh vroxwlrq wr wklv htxdwlrq lv
b ' 4k  B
Vr/ rxu ehqfkpdun h{dpsoh lv rqh lq zklfk b 'f e/ l1h1 wkh udwh ri uhwxuq rq vrfldo vshqglqj
lv 73 shufhqw1 Zh wklqn wklv lv olnho| dq xsshu erxqg iru zkdw lv sodxvleoh1
54Kdylqj wkh uhdo prqhwdu| edvh wklv odujh lv suredeo| frxqwhuidfwxdo1 Krzhyhu/ lw lv qrw fulwlfdo wr rxu
txdolwdwlyh uhvxowv1 Lq idfw/ wkh vpdoohu wkh prqhwdu| edvh lq wkh vwhdg| vwdwh/ wkh vkdushu rxu uhvxowv zrxog
eh= sdvvlyh prqhwdu| srolf| zrxog eh pruh ghvwdelol}lqj1
55Iru uhvxowv frqfhuqlqj wkh h￿hfwlyhqhvv ri iruhljq dlg/ vhh Errqh +4<<9, dqg Exuqvlgh dqg Groodu +5333,1
56Lw lv wkh glvfrxqw udwh wkdw uhqghuv wkh suhvhqw ydoxh ri wkh  rz ri lqyhvwphqw htxdo wr wkh suhvhqw ydoxh
ri wkh  rz ri sd|r￿v1
4:6151 Wkh Olihwlph Exgjhw Frqvwudlqw= Txdqwlwdwlyh Uhvxowv
Lq Vhfwlrq 4 zh hpskdvl}hg d uhvxow frqfhuqlqj wkh olihwlph exgjhw frqvwudlqw/ wkdw zdv
vxppdul}hg e| htxdwlrq +419,1 Wklv htxdwlrq vwdwhv wkdw/ zlwk ghew uholhi/ wkh vxp ri
olihwlph vhljqlrudjh soxv wd{ uhyhqxh zloo eh wkh vdph dv lw zrxog kdyh ehhq lq wkh devhqfh
ri ghew uholhi1 Ehfdxvh zh kdyh dvvxphg wkdw wkh wd{ udwh/ // lv xqfkdqjhg diwhu ghew uholhi/
wklv phdqv wkdw ] "
f
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Wkh jryhuqphqw fdq uhgxfh wkh vhljqlrudjh lw froohfwv e| wkh dprxqw ri lwv lqfuhdvhg wd{
uhfhlswv1 Zh wklqn ri wklv uhgxfwlrq lq vhljqlrudjh dv wkh h{whqw wr zklfk wkh jryhuqphqw
exgjhw frqvwudlqw lv lqgluhfwo| uhod{hg e| ghew uholhi1 Xvlqj +5143, zh fdq vhh wkdw +614, fdq
eh uhzulwwhq ] "
f





Lq rxu fdoleudwhg h{dpsohv wklv phdqv wkh uhgxfwlrq lq olihwlph vhljqlrudjh lv derxw 44
shufhqw ri JGS1 Wklv uhsuhvhqwv derxw 48 shufhqw ri wkh frxqwu|*v lqlwldo vwrfn ri ghew/
derxw 43 shufhqw ri olihwlph vhljqlrudjh lq wkh vwhdg| vwdwh/ ru derxw 618 shufhqw ri olihwlph
wd{ uhyhqxh1 Lq wklv vhqvh/ wkh lqgluhfw hhfwv ri ghew uholhi rq wkh jryhuqphqw*v olihwlph
exgjhw frqvwudlqw duh uhodwlyho| prghvw1
6161 Dfwlyh Prqhwdu| Srolf|
Lq Vhfwlrq 5 zh ghvfulehg dq dfwlyh prqhwdu| srolf| xqghu zklfk wkh jryhuqphqw dfwv wr
pdlqwdlq d frqvwdqw lq dwlrq udwh iru |  f1 Iljxuh 4 looxvwudwhv vlpxodwhg sdwkv ri lq dwlrq/
wkh prqh| jurzwk udwh/ uhdo edodqfhv/ jryhuqphqw ghew/ iruhljq dlg dqg vhljqlrudjh jlyhq
wkh sdudphwhu ydoxhv zh vhohfwhg deryh1 Qrwlfh wkdw/ lq wkh devhqfh ri wkh jurzwk hhfw/ wkh
hfrqrp| zrxog qhyhu pryh dzd| iurp lwv lqlwldo vwhdg| vwdwh/ dv lqglfdwhg e| wkh gdvkhg
olqhv lq wkh jxuh1
Wkh lqwhuhvwlqj g|qdplfv lq Iljxuh 4 duh jhqhudwhg e| wkh jurzwk hhfw1 Dv zh phqwlrqhg
deryh/ olihwlph wd{ uhyhqxh ulvhv e| derxw 44 shufhqw ri lqlwldo JGS1 Dv d uhvxow/ olihwlph
vhljqlrudjh fdq ghfolqh e| derxw wkh vdph dprxqw1 Wklv lv uh hfwhg lq wkh voljkwo| orzhu
lq dwlrq udwh diwhu ghew uholhi= derxw 54 shufhqw/ yhuvxv 58 shufhqw lq wkh lqlwldo vwhdg| vwdwh1
Wkh ghfolqh lq lq dwlrq lv vpdoo ehfdxvh wkh lqfuhdvh lq olihwlph wd{ uhyhqxh rqo| uhsuhvhqwv
derxw 43 shufhqw ri vwhdg| vwdwh olihwlph vhljqlrudjh1
4;Lq wkh orqj0uxq wkh vwrfn ri ghew lv shupdqhqwo| uhgxfhg e| wkh lqgluhfw hhfwv ri wkh
ghew uholhi lqlwldwlyh1 Krz pxfk lv ghew uhgxfhg lq wkh orqj0uxqB Wr dqvzhu wklv txhvwlrq zh
qrwh wkdw lq wkh yhu| orqj0uxq/ rxwsxw uhwxuqv wr lwv vwhdg| vwdwh ohyho/ t /v rw k d wi r uo d u j h
|/ wkh  rz exgjhw frqvwudlqw lv dssur{lpdwho|
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Jlyhq rxu sdudphwhu ydoxhv (￿  fDDt / dv frpsduhg wr wkh lqlwldo vwrfn ri ghew (f  f.t 1
6171 Sdvvlyh Prqhwdu| Srolf|
Iljxuh 5 looxvwudwhv vlpxodwhg sdwkv xqghu sdvvlyh prqhwdu| srolf|1 Djdlq/ zh vkrz vlpxodwhg
sdwkv zlwk dqg zlwkrxw wkh lqgluhfw jurzwk hhfw1 Erwk sdwkv lqglfdwh wkdw wkhuh lv d
whpsrudu| ulvh lq lq dwlrq gxulqj wkh shulrg ri lqfuhdvhg dlg dqg jryhuqphqw vshqglqj rq
ghew uholhi1 Dv zh vwdwhg deryh/ wkh ulvh lq lq dwlrq rffxuv ehfdxvh wkhuh lv dq lqvwdqwdqhrxv
lqfuhdvh lq oltxlglw| wkdw dffrpsdqlhv wkh lqfuhdvh lq jryhuqphqw vshqglqj1 Zkhq wkhuh lv
qr jurzwk hhfw/ doo ri wklv dgglwlrqdo oltxlglw| vwd|v lq wkh v|vwhp dqg lv uh hfwhg lq kljkhu
vhljqlrudjh uhyhqxh dqg lq dwlrq1 Zkhq wkhuh lv d jurzwk hhfw/ vrph ri wkh dgglwlrqdo
oltxlglw| ohdyhv wkh v|vwhp lq wkh irup ri lqfuhdvlqj wd{ sd|phqwv/ vr wkh vkruw0uxq lq dwlrq
hhfw lv zhdnhu1 Lq rxu qxphulfdo h{dpsohv/ wkh lq dwlrq udwh mxpsv iurp derxw 58 shufhqw
lq wkh vwhdg| vwdwh wr derxw 73 shufhqw/ li zh ljqruh wkh jurzwk hhfw1 Zlwk wkh jurzwk
hhfw/ lq dwlrq rqo| ulvhv wr 66 shufhqw lq wkh vkruw0uxq1
Ri frxuvh/ lq wkh orqj0uxq wkh hhfw rq lq dwlrq lv uhyhuvhg1 Wklv rffxuv ehfdxvh wkh
vkruw0uxq lqfuhdvh lq vhljqlrudjh uhyhqxh ohdgv wr d udslg ghfolqh lq ghew1 Lq idfw/ dv zh
vdz deryh/ sdvvlyh prqhwdu| srolf| qdwxudoo| ohdgv wr d kdoylqj ri wkh ghew vwrfn e| wlph
A1 Wklv phdqv wkdw rqfh jryhuqphqw vshqglqj jrhv edfn wr lwv suhylrxv ohyhov/ wkh dprxqw
ri vhljqlrudjh qhhghg wr forvh wkh jryhuqphqw exgjhw frqvwudlqw lv juhdwo| uhgxfhg1 Li zh
ljqruh wkh jurzwk hhfw/ wkh orqj0uxq lq dwlrq udwh lv derxw 49 shufhqw1 Zlwk wkh jurzwk
hhfw/ wkh orqj0uxq lq dwlrq udwh lv rqo| 47 shufhqw1 Djdlq/ wkh jurzwk hhfw uhgxfhv wkh
l q  d w l r qu d w he h f d x v hw k hl q f u h d v hl qw d {u h y h q x hd o o r z vv h l j q l r u d j hu h y h q x hw re ho r z h u 1
Krz pxfk grhv ghew ghfolqh lq wkh orqj0uxq zlwk sdvvlyh prqhwdu| srolf|B Iru wkh vdph
4<uhdvrqv jlyhq lq wkh suhylrxv vhfwlrq/ wkh orqj0uxq ohyho ri jryhuqphqw ghew lv jlyhq e|
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Zkhq wkhuh duh qr jurzwk hhfwv/ (￿ 'f Dt 1 Ghew li kdoyhg dqg wkh jryhuqphqw uhdfkhv
lwv qhz vwhdg| vwdwh ohyho ri lqghewhgqhvv dw wlph A1 Rq wkh rwkhu kdqg/ jurzwk hhfwv
frqwulexwh wr d ixuwkhu uhgxfwlrq lq ghew/ wr (￿ 'f 2St 157
6181 Vxppdu| dqg Plwljdwlqj Idfwruv
Iurp wkhvh vlpxodwlrqv zh wdnh dzd| wkh iroorzlqj phvvdjh= ghew uholhi wkdw frphv zlwk frq0
glwlrqdolw| uhtxlulqj lqfuhdvhg jryhuqphqw vshqglqj lv olnho| wr kdyh rqh ri wzr frqvhtxhqfhv
+ru vrph pl{wxuh ri wkh wzr,1 Hlwkhu
41 ghew lv vxevwdqwldoo| uhgxfhg lq wkh orqj0uxq/ exw dw wkh frvw ri vljqlfdqwo| kljkhu lq0
 dwlrq gxulqj wkh shulrg ri lqfuhdvhg vshqglqj/58 dqg zlwk wkh ehqhw ri orzhu lq dwlrq
odwhu/ ru
51 wkurxjk dfwlyh prqhwdu| srolf| lqwhuyhqwlrq/ lq dwlrq lv nhsw vwdeoh/ exw wkhuh duh rqo|
prghvw orqj0uxq uhgxfwlrqv lq jryhuqphqw ghew dqg lq dwlrq159
Rxu dqdo|vlv vxjjhvwv wkdw wkhuh lv qr hdv| urxwh wr orqj0uxq vfdo vxvwdlqdelolw| yld wkh
KLSF lqlwldwlyh dv lw lv qduurzo| ghqhg khuh1 Exw rxu dqdo|vlv srlqwv wr wzr lpsruwdqw
plwljdwlqj idfwruv wkdw fdq hqkdqfh orqj0uxq vfdo vxvwdlqdelolw|1 Iluvw/ lw lv lpsruwdqw wkdw
lqfuhdvhg vshqglqj rq sryhuw| uhgxfwlrq eh dv hhfwlyh dv srvvleoh lq udlvlqj jurzwk lq wkh
uhflslhqw frxqwulhv1 Lq rxu vlpxodwlrqv/ jurzwk ohg wr dq lqfuhdvh lq wd{ uhyhqxhv wkdw uhgxfhg
wkh orqj0uxq ohyho ri ghew e| ehwzhhq < dqg 48 shufhqw ri JGS/ ghshqglqj rq wkh prqhwdu|
srolf| xvhg e| wkh jryhuqphqw1 Exw wklv hhfw rq vfdo vxvwdlqdelolw| yld wd{ uhyhqxhv zrxog
glvdsshdu lq wkh devhqfh ri wkh jurzwk hhfw1
Vhfrqg/ dqg pruh lpsruwdqwo|/ rxu dqdo|vlv srlqwv wr wkh lpsruwdqfh ri uhirupv qrw gl0
uhfwo| olqnhg wr KLSF frqglwlrqdolw|1 Lq sduwlfxodu/ rxu dqdo|vlv vxjjhvwv wkdw KLSF frxqwulhv
57Wkhvh ydoxhv ri GS ghshqg rq wkh htxloleulxp ydoxhv ri ￿ ￿ dqg ￿ p zklfk zh frpsxwh qxphulfdoo| dv
ghvfulehg lq Vhfwlrq 51
58Zh h{shulphqwhg zlwk dowhuqdwlyh sdudphwhu ydoxhv wr vhh li zh frxog holplqdwh wkh vkruw0uxq ulvh lq wkh
lq dwlrq udwh lq wkh h{dpsoh zlwk sdvvlyh prqhwdu| srolf|1 Zh irxqg wkdw lq rughu wr gr vr/ zh zrxog qhhg
wr dvvxph wkdw dlg kdg d 443 shufhqw udwh ri uhwxuq +doprvw 6 wlphv wkh udwh ri uhwxuq zh dvvxphg lq rxu
edvholqh h{dpsoh,1
59Rxu uhvxowv duh wkh pluuru lpdjh ri Vdujhqw dqg Zdoodfh*v +4<;4, xqsohdvdqw prqhwdulvw dulwkphwlf=
zlwkrxw d fkdqjh lq wkh sulpdu| vxusoxv/ orz lq dwlrq qrz phdqv pruh lq dwlrq odwhu1 Lq rxu fdvh/ orzhu
lq dwlrq lq wkh ixwxuh phdqv kljkhu lq dwlrq qrz1
53qhhg wr xqghuwdnh vljqlfdqw vfdo uhirupv xqghu zklfk wkh| fxw rwkhu irupv ri vshqglqj
dv wkh| udlvh vshqglqj rq sryhuw| uhgxfwlrq1 Uhwxuqlqj wr rxu qxphulfdo h{dpsoh/ vxssrvh
wkdw dw wlph 3 wkh KLSF jryhuqphqw lpsohphqwhg vshqglqj fxwv v|pphwulf wr lwv lqfuhdvhg
vshqglqj rq sryhuw| uhgxfwlrq surjudpv1 Krz zrxog wklv fkdqjh rxu frqfoxvlrqv derxw wkh
lpsdfw ri ghew uholhi rq lq dwlrq dqg wkh vwrfn ri ghewB Wkh dqvzhu lv vwudljkwiruzdug= vlqfh
wkh vshqglqj fxwv zrxog qdqfh wkh lqfuhdvhg vshqglqj rq sryhuw| uhgxfwlrq/ wkhuh zrxog
eh qr qhw lqmhfwlrq ri oltxlglw| lqwr wkh hfrqrp|1 Iljxuh 6 looxvwudwhv vlpxodwlrqv ri wklv vfh0
qdulr zlwk hlwkhu sdvvlyh ru dfwlyh prqhwdu| srolf|15: Zlwk dfwlyh prqhwdu| srolf| wkhuh lv d
vkdus dqg shupdqhqw gurs lq lq dwlrq dqg ghew lv vxevwdqwldoo| uhgxfhg e| wkh frpsohwlrq
srlqw +gdwh A ' f ,1 Hyhq zlwk sdvvlyh prqhwdu| srolf| wkhuh zrxog eh d vl}hdeoh vkruw0uxq
ghfolqh lq lq dwlrq/ gxh wr lqfuhdvhg wd{ uhfhlswv/ iroorzhg e| d ixuwkhu ghfolqh lq lq dwlrq
diwhu wlph A1 Qrwlfh wkdw wkh prqhwdu| srolf| lvvxhv zh kljkoljkwhg suhylrxvo| duh qrz pxfk
ohvv lpsruwdqw= wkh sdwkv ri lq dwlrq duh qrw gudpdwlfdoo| glhuhqw dfurvv wkh wzr vfhqdulrv1
Ixuwkhupruh/ wkh orqj0uxq sdwkv ri ghew duh yhu| vlplodu1 Dqg/ qdoo|/ wkh jryhuqphqw*v
olihwlph exgjhw frqvwudlqw lv vljqlfdqwo| uhod{hg1 Lw fdq qdqfh lwvhoi zlwk pxfk ohvv +66
shufhqw, vhljqlrudjh uhyhqxh1
Vrph KLSF frxqwulhv kdyh douhdg| xqghuwdnhq vwhsv wrzdugv wkh w|shv ri uhirupv zh
kdyh lqglfdwhg khuh1 Wkdw lv/ wkh| kdyh qrw rqo| lqfuhdvhg vshqglqj rq sryhuw| uhgxfwlrq/
exw wkh| kdyh grqh wklv lq wkh frqwh{w ri dq ryhudoo vfdo uhirup1 Rxu dqdo|vlv vxjjhvwv wkdw
wkh| duh wkh rqhv prvw olnho| wr vxffhvvixoo| dfklhyh orqj0uxq vfdo vxvwdlqdelolw|1
71 Vkruwfrplqjv/ Fdyhdwv dqg rwkhu IDTv
Lq wklv vhfwlrq zh kljkoljkw vrph vkruwfrplqjv ri rxu dqdo|vlv1 Zh dovr phqwlrq vhyhudo
fdyhdwv wr lw1 Zh dovr dgguhvv wkh uhodwlrqvkls ehwzhhq rxu dqdo|vlv dqg rwkhu zrun rq ghew
uholhi1
41 Zk| Grhvq*w Lq dwlrq Kdyh dq| Lpsdfw rq RxwsxwB
Wkh pdlq vkruwfrplqj zh shufhlyh lq rxu dqdo|vlv lv wkh glvfrqqhfw ehwzhhq wkh uhdo dqg
prqhwdu| vlghv ri wkh hfrqrp|1 Zh ghwhuplqh lq dwlrq zlwklq wkh frqwh{w ri d prqhwdu|
prgho/ exw rxwsxw lv dq hqwluho| h{rjhqrxv surfhvv zlwk uhvshfw wr wkdw sduw ri wkh prgho1 Dv
d uhvxow/ wkhuh lv qr srvvlelolw| ri ihhgedfn iurp lq dwlrq wr uhdo dfwlylw|1 Reylrxvo|/ kdylqj
5:Lq wklv h{dpsoh zh lpdjlqh wkdw Jw @ J iru doo w +ehfdxvh rqh fdwhjru| ri vshqglqj ulvhv zkloh dqrwkhu
idoov,1 Wkh sdwk ri Dw lv dv ehiruh1 Zh dvvxph wkdw rxwsxw ulvhv dv lq rxu rwkhu h{dpsohv/ ehfdxvh wkh
jryhuqphqw lv vxevwlwxwlqj jurzwk0hqkdqflqj h{shqglwxuh iru frqvxpswlrq h{shqglwxuh1
54wklv vkdus glfkrwrp| kdv lwv dgydqwdjhv1 Lw pdnhv wkh prgho wudfwdeoh/ dqg doorzv xv wr
idluo| vwudljkwiruzdugo| vroyh iru wkh htxloleulxp sdwkv ri wkh yduldeohv zh duh lqwhuhvwhg lq1
Rq wkh rwkhu kdqg/ lw grhv qrw doorz xv wr dvvhvv wkh srwhqwldoo| kdupixo hhfwv ri lqfuhdvlqj
lq dwlrq rq rxwsxw1
51 Vkrxogq*w wkh Uhdo H{fkdqjh Udwh dqg wkh Fxuuhqw Dffrxqw eh DhfwhgB
Djdlq/ rxu prgho lv wrr vlpsoh wr fdswxuh wkhvh hhfwv1 Zh gr qrw prgho wkh ehkdylru
ri sulydwh djhqwv rwkhu wkdq wr vshfli| wkhlu ghpdqg iru prqh|1 Zh dovr gr qrw glhuhqwldwh
ehwzhhq wudghg dqg qrqwudghg jrrgv1 Dv d uhvxow/ rxu prgho grhv qrw surylgh dq| lqvljkw lqwr
wkh ehkdylru ri wkh fxuuhqw dffrxqw/ ru wkh uhdo h{fkdqjh udwh1 Krz wkhvh yduldeohv ehkdyh
dv d uhvxow ri ghew uholhi frxog eh dqrwkhu lpsruwdqw srolf| lvvxh iru uhflslhqw jryhuqphqwv1
61 Zkdw li Prvw ri wkh Lqfuhdvh lq Vshqglqj lv lq wkh Irupv ri LpsruwvB
Zh kdyh fkdudfwhul}hg wkh lqfuhdvh lq vshqglqj iru sryhuw| uhgxfwlrq dv dq lqfuhdvh lq
jryhuqphqw sxufkdvhv ri grphvwlf jrrgv dqg vhuylfhv ru wudqvihuv wr orfdo uhvlghqwv1 Dv d
u h v x o w /z hk d y hd v v x p h gw k d ww k h u hl vd ql q f u h d v hl qg r p h v w l fo l t x l g l w |w k d ww k hj r y h u q p h q w
fdq uhvsrqg wr sdvvlyho| ru dfwlyho| dffruglqj wr wkh prqhwdu| srolflhv zh ghvfulehg1 Krz0
hyhu/ wr wkh h{whqw wkdw lqfuhdvhg vshqglqj rq sryhuw| uhgxfwlrq lv lq wkh irup ri lpsruwv/
wkh glhuhqfhv ehwzhhq wkh wzr prqhwdu| srolflhv zloo eh ohvv vwdun1 Sdvvlyh prqhwdu| srolf|
zloo vwduw wr orrn pruh olnh dfwlyh prqhwdu| srolf|/ ehfdxvh wkh lqfuhdvhg h{shqglwxuhv rq
lpsruwv zloo qrw lqmhfw oltxlglw| lqwr wkh grphvwlf hfrqrp|1
71 Grhv wkh Idfw wkdw wkh Lqlwldo Frqglwlrq lv d Vwhdg| Vwdwh PdwwhuB
\hv dqg qr1 Wklv pdwwhuv wr wkh h{whqw wkdw rxu vlpxodwlrqv frpsduh wkh sdwkv ri
lq dwlrq/ ghew/ dqg rwkhu yduldeohv wr wkh suh ghew0uholhi vwhdg| vwdwh1 Lw grhv qrw pdwwhu
iru wkh sdwkv wkhpvhoyhv1 Wdnh/ dv dq h{dpsoh/ wkh sdwk ri lq dwlrq xqghu sdvvlyh prqhwdu|
srolf|1 Wkh sdwk vkrzq lq Iljxuh 5 vkrzv d vkruw0uxq ulvh lq lq dwlrq uhodwlyh wr wkh lqlwldo
vwhdg| vwdwh/ iroorzhg e| d ghfolqh lq lq dwlrq uhodwlyh wr wkh vwhdg| vwdwh1 Li zh glg qrw
dvvxph wkh hfrqrp| zdv lq d vwhdg| vwdwh sulru wr gdwh 3/ wkh rqo| wklqj wkdw zrxog fkdqjh
lq Iljxuh 5 zrxog eh wkh lqwhuydo sulru wr gdwh 31
81 Zrxog wkh Uhvxowv Fkdqjh li Orqj0Uxq Jurzwk Zdv Exlow Lqwr wkh PrghoB
Zhkdyh xvhg d prgho zlwk qr vwhdg| vwdwh jurzwk iru vlpsolflw|1 Wklv phdqv wkdw diwhu
wkh ghew0uholhi lqlwldwlyh lv frqfoxghg/ wkh hfrqrp| hyhqwxdoo| frphv edfn wr d srvlwlrq zkhuh
rxwsxw lv dw wkh frqvwdqw ohyho t 1 Vlqfh rxu dssurdfk lqyroyhv frpsdulqj htxloleulxp sdwkv
zlwk ghew uholhi/ wr htxloleulxp sdwkv zlwkrxw ghew uholhi/ wkh frpsdulvrqv zrxog eh wkh vdph
55li zh exlow d frpprq orqj0uxq uhdo jurzwk udwh lqwr wkh wzr vfhqdulrv1 Wklv lv ehfdxvh wkh
frpsdulvrqv pdgh lq rxu dqdo|vlv fhqwhu rq wkh rqfh0dqg0iru0doo fkdudfwhulvwlf ri wkh ghew
uholhi lqlwldwlyh1 Zh zrxog kdyh wr dvvxph wkdw wkh orqj0uxq uhdo jurzwk udwh zdv glhuhqw
dfurvv wkh wzr vfhqdulrv iru rxu uhvxowv wr fkdqjh txdolwdwlyho|1
91 Iru zklfk frxqwulhv zrxog wkh phvvdjh rq lq dwlrq eh prvw uhohydqwB
Jlyhq rxu vlpxodwlrqv/ zh wklqn wkhuh duh wkuhh w|shv ri frxqwulhv iru zklfk rxu phvvdjh
derxw lq dwlrq lv prvw uhohydqw1 Iluvw/ zh kdyh vhhq wkdw wkh dowhuqdwlyh prqhwdu| srol0
flhv ohdg wr vwduno| glhuhqw rxwfrphv lq wkh vlpxodwlrqv zkhuh wkh uhflslhqw frxqwu| kdv
qrw xqghuwdnhq vljqlfdqw vfdo uhirupv wkdw zrxog lqghshqghqwo| qdqfh lqfuhdvhg vshqg0
lqj rq sryhuw| uhgxfwlrq1 Vr rqh vhw ri frxqwulhv iru zklfk rxu phvvdjh lv prvw uhohydqw
duh wkrvh frxqwulhv wkdw kdyh qrw |hw uhdfkhg wkh ghflvlrq srlqw iru ghew uholhi xqghu wkh
lqlwldwlyh1 Vhfrqg duh wkrvh frxqwulhv vwduwlqj iurp d kljk lqlwldo lq dwlrq ohyho zkr zloo
suhvxpdeo| qg lw prvw gl!fxow wr nhhs lq dwlrq xqghu frqwuro dqg phhw wkh frqglwlrqv rq
pdfurhfrqrplf vwdelolw| djuhhg xsrq zlwk grqruv1 Wklug duh wkrvh frxqwulhv iru zkrp wkh
lqfuhdvhg vshqglqj rq sryhuw| uhgxfwlrq uhsuhvhqwv wkh odujhvw shufhqwdjh lqfuhdvhv lq wkhlu
h{shqglwxuh hqyhorshv1
:1 Lv wkh Idfw wkdw Vhljqlrudjh lv Kljk lq wkh Vwhdg| Vwdwh d Nh| DvvxpswlrqB
Iru rxu txdqwlwdwlyh uhvxowv hyhu| sdudphwhu fkrlfh pdwwhuv wr vrph ghjuhh1 Rxu zd| ri
uhsuhvhqwlqj dq lqlwldo odfn ri vfdo vxvwdlqdelolw| lv wr dvvxph wkdw wkh jryhuqphqw uhtxluhv d
juhdw ghdo ri vhljqlrudjh wr forvh lwv exgjhw frqvwudlqw1 Rxu zd| ri phdvxulqj wkh uhod{dwlrq
ri lwv exgjhw frqvwudlqw lv wr vhh krz pxfk lwv uholdqfh rq vhljqlrudjh lv uhgxfhg e| ghew
uholhi1 Dowhuqdwlyho|/ zh frxog kdyh dvvxphg wkdw wkh jryhuqphqw lqlwldoo| forvhv lwv exgjhw
frqvwudlqw wkurxjk sxqlwlyh glvwruwlrqdu| wd{dwlrq zlwk yhu| olwwoh ru qr vhljqlrudjh1 Zh
frxog wkhq phdvxuh wkh uhod{dwlrq ri lwv exgjhw frqvwudlqw e| wkh h{whqw wr zklfk lw frxog
orzhu wd{ udwhv diwhu uhfhlylqj ghew uholhi1 Ru/ qdoo|/ zh frxog dvvxph wkdw qhlwkhu wd{hv
qru vhljqlrudjh zdv yhu| kljk/ dqg lqvwhdg dvvxph wkdw wkh jryhuqphqw zdv lqlwldoo| uholdqw
rq wkh dffxpxodwlrq ri duuhduv1 Zh zrxog wkhq phdvxuh wkh uhod{dwlrq ri wkh jryhuqphqw
exgjhw frqvwudlqw e| wkh h{whqw wr zklfk wkh dffxpxodwlrq ri duuhduv ghfolqhg zlwk ghew0
uholhi1 Rxu irfxv rq vhljqlrudjh lv vlpso| rqh zd| ri wdonlqj derxw wkh lvvxh wkdw txdqwlhv
lw1 Li zh irfxvhg rq rqh ri wkh wzr dowhuqdwlyhv phqwlrqhg khuh/ zh zrxog gudz vlplodu
frqfoxvlrqv iurp wkh olihwlph exgjhw frqvwudlqw= ghew uholhi zlwk KLSF frqglwlrqdolw| zrxog
surylgh d prghvw uhod{dwlrq ri wkh exgjhw frqvwudlqw1 Rxu rwkhu srlqwv zrxog dovr eh urexvw=
56+l, xqghu sdvvlyh prqhwdu| srolf| wkhuh zrxog eh d vkruw0uxq ulvh lq lq dwlrq iroorzhg e| d
orqj0uxq ghfolqh/ dqg +ll, hqvxulqj wkdw sryhuw| uhgxfwlrq vshqglqj zdv jurzwk hqkdqflqj
dqg lqwurgxflqj vljqlfdqw vfdo uhirupv zrxog eh nh| phdvxuhv qhhghg wr hqvxuh d orqjhu
uxq lpsuryhphqw lq wkh jryhuqphqw*v vfdo srvlwlrq wrjhwkhu zlwk pdfurhfrqrplf vwdelolw|1
81 Frqfoxglqj Uhpdunv
Lq wklv sdshu/ zh kdyh glvfxvvhg wkh srwhqwldo pdfurhfrqrplf lpsdfw ri wkh KLSF lqlwldwlyh1
Rxu dqdo|vlv vxjjhvwv wkdw vkruw0uxq lq dwlrqdu| suhvvxuh pljkw dulvh dv d uhvxow ri lqfuhdvhg
grphvwlf vshqglqj iru sryhuw| uhgxfwlrq1 Vrph uhflslhqw frxqwulhv pd| eh loo0htxlsshg wr
ghdo zlwk wkhvh suhvvxuhv dqg frxog h{shulhqfh d vxevwdqwldo whpsrudu| lqfuhdvh lq lq dwlrq1
Zkloh rxu prgho grhv qrw fdswxuh wkh hhfw/ wklv lqfuhdvh lq lq dwlrq frxog lpsdfw qhjdwlyho|
rq jurzwk1 Rxu prgho vxjjhvwv wkdw uhflslhqw frxqwulhv fdq xvh prqhwdu| srolf| wr vwdelol}h
lq dwlrq/ exw/ lq grlqj vr/ wkh| zloo whqg wr olplw wkh orqjhu uxq lpsdfw ri wkh KLSF lqlwldwlyh
rq wkhlu ghew ohyhov1
Zh kdyh dovr vkrzq wkdw wkh lpsdfw rq lq dwlrq zloo eh orzhu li lqfuhdvhg jryhuqphqw
vshqglqj surgxfhv idyrudeoh rxwsxw hhfwv1 Wkhuhiruh wkh dqdo|vlv vxjjhvwv wkdw lq rughu
wr plqlpl}h wkh h{whqw ri pdfurhfrqrplf ghvwdelol}dwlrq/ fduh vkrxog eh wdnhq wr holplqdwh
vwuxfwxudo erwwohqhfnv wr jurzwk1
Wkh frqfhuqv zh kdyh udlvhg zloo eh ohvv uhohydqw zkhq wkh uhflslhqw frxqwu| kdv douhdg|
dfklhyhg vljqlfdqw surjuhvv lq pdfurhfrqrplf vwdelol}dwlrq1 Lq wkrvh fdvhv zkhuh wkh uhfls0
lhqw jryhuqphqw kdv douhdg| lpsohphqwhg vfdo uhirupv wkdw zrxog hqdeoh lw wr uhgxfh lwv
ghew ohyho ryhu wlph/ wkh ulvn ri vkruw0uxq lq dwlrq zloo eh glplqlvkhg dqg orqjhu uxq vfdo
vxvwdlqdelolw| zloo eh hqvxuhg1
D pdmru vkruwfrplqj ri rxu dqdo|vlv lv wkdw rxu vlpsoh dqdo|wlfdo iudphzrun grhv qrw
doorz xv wr h{soruh pruh ixoo| wkh lpsdfw ri ghew uholhi rq uhdo dfwlylw|/ wkh uhdo h{fkdqjh
udwh/ dqg wkh h{whuqdo fxuuhqw dffrxqw1 Lq ixwxuh uhvhdufk/ zh lqwhqg wr h{whqg rxu dqdo|vlv
wr ghdo zlwk wkhvh lvvxhv/ xvlqj d jhqhudo htxloleulxp vpdoo0rshq0hfrqrp| prgho1
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Vdfkv/ Mh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Edqn1
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59Dsshqglfhv
D1 Edvlf Dffrxqwlqj H{dpsohv
Lq rxu edvlf dffrxqwlqj h{dpsohv zh lpdjlqh d jryhuqphqw zlwk d }hur rshudwlrqdo vxusoxv/
zklfk/ e| dvvxpswlrq/ pxvw dpruwl}h f xqlwv ri wkh sxeolf vhfwru*v qhw qrqprqhwdu| ghew e|
wkh hqg ri wkh shulrg1 Lq rxu ehqfkpdun fdvh/ zkhuh wkh jryhuqphqw uhfhlyhv qr rxwvlgh dlg/
zh zloo vkrz wkdwjlyhq wkh }hur rshudwlrqdo vxusoxvwkh fhqwudo edqn zloo kdyh wr sulqw
f xqlwv ri prqh| +vhljqlrudjh, wr qdqfh wkh ghew uhgxfwlrq1 Lq rxu vhfrqg fdvh/ zkhuh wkh
jryhuqphqw uhfhlyhv dgglwlrqdo rxwvlgh dlg/ lw fdq uhgxfh lwv uholdqfh rq vhljqlrudjh e| wkh
dprxqw ri wkh dlg uhfhlyhg/ dqg vwloo sd| r wkh vdph dprxqw ri ghew1 Wklv/ ri frxuvh/ zloo
dvvxph wkdw wkh jryhuqphqw frqwlqxhv wr kdyh d }hur rshudwlrqdo vxusoxv1 Ilqdoo|/ lq rxu
wklug h{dpsoh/ zh zloo frqvlghu wkh fdvh zkhuh wkh jryhuqphqw uhfhlyhv dlg exw/ dv xqghu
wkh KLSF lqlwldwlyh/ lw frpplwv lwvhoi wr lqfuhdvhg vshqglqj rq jrrgv dqg vhuylfhv htxdo wr
wkh ydoxh ri wkh dlg lw uhfhlyhv1 Devwudfwlqj iurp wkh ehqhfldo rxwsxw hhfwv wklv vshqglqj
pljkw kdyh/ wklv zh zloo vhh wkdw rqfh djdlq wkh fhqwudo edqn pxvw sulqw f xqlwv ri prqh|
wr qdqfh wkh ghew uhgxfwlrq1 Lw lv lq wklv vhqvh/ wkdw dlg zlwk KLSF frqglwlrqdolw| ohdyhv
wkh jryhuqphqw*v vfdo srvlwlrq xqfkdqjhg uhodwlyh wr wkh ehqfkpdun fdvh1
Zh zloo zrun zlwk vlpsoh fhqwudo edqn dqg jryhuqphqw edodqfh vkhhwv dv vkrzq lq Wdeoh
41 Lpdjlqh wkdw wkhvh edodqfh vkhhwv kdyh vrph qhw srvlwlrq dw wkh ehjlqqlqj ri wkh shulrg1
Zh dvvxph wkdw zlwklq wkh shulrg wkh jryhuqphqw vshqgv C n U xqlwv +rq jrrgv/ vhuylfhv
dqg lwv uhdo lqwhuhvw eloo, dqg udlvhv A xqlwv ri wd{ uhyhqxh1 Qrwlfh wkdw zkhq wkh jryhuqphqw
sxufkdvhv wkh jrrgv dqg vhuylfhv lw zloo gr vr/ hhfwlyho|/ e| gudzlqj d fkhtxh rq lwv ghsrvlw
dffrxqw dw wkh fhqwudo edqn1 Zkhq wklv fkhtxh fohduv/ wkh prqhwdu| edvh zloo kdyh ulvhq
e| C n U xqlwv dqg jryhuqphqw ghsrvlwv zloo kdyh ghfolqhg e| C n U xqlwv1 Krzhyhu/ vlqfh
wd{sd|huv zloo xvh wkhlu prqh| edodqfhv wr sd| wd{hv/ rqfh wkh jryhuqphqw udlvhv lwv wd{
uhyhqxh/ wkh W0dffrxqwv duh uhvwruhg wr wkhlu ruljlqdo srvlwlrqv li zh dvvxph wkdw CnU ' A1
Wklv ohdyhv rqo| wkh txhvwlrq dv wr krz wkh jryhuqphqw zloo qdqfh wkh ghew uhgxfwlrq1
Qrwlfh wkdw lwv rqo| rswlrq lv wr sulqw prqh|/ zkhwkhu lw sd|v r iruhljq ghew ru grphvwlf
ghew1 Lw fdqqrw xvh iruhljq h{fkdqjh uhvhuyhv/ ehfdxvh lq vr grlqj/ lw zloo qrw fkdqjh wkh
sxeolf vhfwru*v qhw oldelolw| srvlwlrq1 Lw fdqqrw lvvxh qhz ghew/ iru wkh vdph uhdvrq1 Khqfh
lw pxvw ohw wkh prqhwdu| edvh ulvh e| f xqlwv/ dv lq Wdeoh 4+d,/ e| zulwlqj d fkhtxh rq lwv
ghsrvlw dffrxqw1 Li wkh jryhuqphqw fkrrvhv wr sd| r iruhljq ghew/ dv lq Wdeoh 4+d,/ lw pxvw
5:dftxluh iruhljq dvvhwv iurp grphvwlf uhvlghqwv lq rughu wr gr vr +wklv dvvxphv iruhljqhuv zloo
qrw krog grphvwlfdoo| ghqrplqdwhg fodlpv,1 Rq wkh rwkhu kdqg/ li wkh jryhuqphqw fkrrvhv
wr sd| r grphvwlf ghew/ wkh qdo srvlwlrq lv dv lq Wdeoh 4+e,1
WDEOH 4
Dq H{dpsoh zlwk Qr Ghew Uholhi
+d, Jryhuqphqw Sd|v r Iruhljq Ghew
Fhqwudo Edqn Jryhuqphqw
Dvvhwv Oldelolwlhv Dvvhwv Oldelolwlhv
Q2F Edvh Prqh| nf Ghsrvlwv C F1E1 f Iruhljq Ghew f
Jry*w Ghsrvlwv f
Qhw qrqprqhwdu| ghew ri wkh sxeolf vhfwru= f
+e, Jryhuqphqw Sd|v r Grphvwlf Ghew
Fhqwudo Edqn Jryhuqphqw
Dvvhwv Oldelolwlhv Dvvhwv Oldelolwlhv
Q2F Edvh Prqh| nf Ghsrvlwv C F1E1 f W0Eloov f
Jry*w Ghsrvlwv f
Qhw qrqprqhwdu| ghew ri wkh sxeolf vhfwru= f
Q2F lqglfdwhv qr fkdqjh1
Li wkh jryhuqphqw zhuh wr rewdlq dlg iurp d iruhljq vrxufh/ dv orqj dv lw ohiw wd{hv dqg
vshqglqj rq jrrgv dqg vhuylfhv xqfkdqjhg/ lw zrxog/ ri frxuvh/ eh deoh wr dfklhyh lwv ghew
uhgxfwlrq zlwkrxw uhvruw wr vhljqlrudjh1 Iru h{dpsoh/ li wkh dlg zhuh olwhudoo| lq wkh irup ri
f xqlwv ri iruhljq ghew fdqfhoohg/ wkh sxeolf vhfwru*v qdqfldo srvlwlrq zrxog eh ghvfulehg
e| Wdeoh 5+d,1 Wkdw wdeoh zrxog dovr ghvfuleh wkh uhvxow ri wkh jryhuqphqw dfwxdoo| uhfhlylqj
dlg/ li lw xvhg wkh dlg wr sd| r lwv iruhljq ghew1 Dq dowhuqdwlyh iru wkh jryhuqphqw/ pljkw dovr
eh/ dv lq Wdeoh 5+e,/ wr vlpso| sd| r vrph ri lwv grphvwlf ghew1 Wr dfklhyh wklv/ wkh fhqwudo
edqn zrxog vhoo lwv lqfuhdvhg iruhljq h{fkdqjh uhvhuyhv +iurp wkh dlg lq rz, wr grphvwlf
uhvlghqwv lq h{fkdqjh iru wkhlu kroglqjv ri W0eloov15; Vlqfh wkh W0eloov duh khog e| wkh fhqwudo
edqn/ wkh| duh qr orqjhu sduw ri wkh sxeolf vhfwru*v qhw vwrfn ri ghew1 Wkh lpsruwdqw wklqj
wr qrwlfh lv wkdw hlwkhu zd|/ wkh dlg holplqdwhv wkh jryhuqphqw*v qhhg wr udlvh vhljqlrudjh1
5;Wkh h{dpsoh dvvxphv wkdw wkh Fhqwudo Edqn*v uhvhuyhv lqlwldoo| ulvh e| [ xqlwv dv d uhvxow ri wkh dlg
lq rz1 Dv d uhvxow lw fuhglwv wkh jryhuqphqw*v ghsrvlw dffrxqw [ h{wud xqlwv1 Wkh fhqwudo edqn wkhq vzdsv
wkh [ xqlwv ri uhvhuyhv iru [ xqlwv ri wkh sxeolf*v kroglqjv ri W0eloov1
5;WDEOH 5
Dq H{dpsoh zlwk Ghew Uholhi/ Qr KLSF Frqglwlrqdolw|
+d, Iruhljq Ghew Fdqfhoodwlrq
Fhqwudo Edqn Jryhuqphqw
Dvvhwv Oldelolwlhv Dvvhwv Oldelolwlhv
Q2F Q2F Q2F Iruhljq Ghew f
Qhw qrqprqhwdu| ghew ri wkh sxeolf vhfwru= f
+e, Grphvwlf Ghew Uhgxfwlrq
Fhqwudo Edqn Jryhuqphqw
Dvvhwv Oldelolwlhv Dvvhwv Oldelolwlhv
W0Eloov nf Jry*w Ghsrvlwv nf Ghsrvlwv C F1E1 nf Q2F
Qhw qrqprqhwdu| ghew ri wkh sxeolf vhfwru= f
WDEOH 6
H{dpsohv zlwk Ghew Uholhi dqg Frqglwlrqdolw|
+d, Ghew lv Uhgxfhg
Fhqwudo Edqn Jryhuqphqw
Dvvhwv Oldelolwlhv Dvvhwv Oldelolwlhv
Q2F Edvh Prqh| nf Ghsrvlwv C F1E1 f Iruhljq Ghew f
Jry*w Ghsrvlwv f
Qhw qrqprqhwdu| ghew ri wkh sxeolf vhfwru= f
+e, Vwhulol}dwlrq wkurxjk I[ Pdunhw Lqwhuyhqwlrq
Fhqwudo Edqn Jryhuqphqw
Dvvhwv Oldelolwlhv Dvvhwv Oldelolwlhv
I[ Uhv1 f Jry*w Ghsrvlwv f Ghsrvlwv C F1E1 f Iruhljq Ghew f
Qhw qrqprqhwdu| ghew ri wkh sxeolf vhfwru= Q2F
+f, Vwhulol}dwlrq wkurxjk dq Rshq Pdunhw Rshudwlrq
Fhqwudo Edqn Jryhuqphqw
Dvvhwv Oldelolwlhv Dvvhwv Oldelolwlhv
W0Eloov f Jry*w Ghsrvlwv f Ghsrvlwv C F1E1 f Iruhljq Ghew f
Qhw qrqprqhwdu| ghew ri wkh sxeolf vhfwru= Q2F
Qrz vxssrvh wkdw zkhq wkh jryhuqphqw uhfhlyhv ghew uholhi/ dv lq Wdeoh 5+d,/ lw dovr
pxvw frpplw lwvhoi wr dq lqfuhdvh lq jryhuqphqw sxufkdvhv ri grphvwlf jrrgv dqg vhuylfhv/
ru wudqvihuv wr grphvwlf uhvlghqwv/ ri f xqlwv1 Li zh dvvxph wkdw wkh jryhuqphqw grhv qrw
udlvh qhz wd{hv wr qdqfh wklv lqfuhdvhg vshqglqj/ wkhq lw pxvw/ dv ehiruh/ sulqw prqh|1 Wkh
sxeolf vhfwru dffrxqwv hqg xs orrnlqj olnh Wdeoh 6+d,1 Wkh hhfw rq wkh prqh| vxsso| ri
wkh jryhuqphqw*v lqfuhdvhg vshqglqj fdq/ ri frxuvh/ eh vwhulol}hg e| wkh fhqwudo edqn1 Lw fdq
5<gr wklv e| vhoolqj lwv iruhljq h{fkdqjh uhvhuyhv +dv lq Wdeoh 6+e,, lq wkh iruhljq h{fkdqjh
pdunhw1 Lw fdq dovr vwhulol}h e| vhoolqj W0eloov lq dq rshq pdunhw rshudwlrq +dv lq Wdeoh 6+f,,1
Qrwlfh/ krzhyhu/ wkdw lq erwk wkhvh h{dpsohv/ wkh jryhuqphqw*v qhw ghew srvlwlrq uhpdlqv dw
lwv lqlwldo srvlwlrq1 Lw grhv qrw dfklhyh zkdw zh kdg dvvxphg zdv d uhtxluhg ghew uhgxfwlrq1
Wkhvh vlpsoh h{dpsohv looxvwudwh wzr ri rxu pdlq dujxphqwv rxwolqhg lq wkh lqwurgxf0
wlrq1 Iluvw/ li zh frpsduh wkh wkuhh vfhqdulrv ghvfulehg khuh/ zh vhh wkdw wkh uvw dqg wklug
vfhqdulrv duh rqhv lq zklfk wkh jryhuqphqw*v vfdo srvlwlrqv duh lghqwlfdowkh idfw wkdw qhz
dlg  rzv frpplw wkh jryhuqphqw wr lqfuhdvhg vshqglqj phdq wkdw lwv vfdo srvlwlrq lv xq0
fkdqjhg1 Wklv lv ehfdxvh/ lq d vwdwlf frqwh{w/ wkh jryhuqphqw*v vfdo srvlwlrq lv vxppdul}hg
e| lwv rshudwlrqdo vxusoxv lqfoxvlyh ri dlg1 Wklv lv wkh vdph dfurvv wkh uvw dqg wklug h{dp0
sohv1 Lq wkh vhfrqg h{dpsoh/ dlg lv uhfhlyhg devhqw dq| frpplwphqw wr lqfuhdvhg vshqglqj
vr wkh jryhuqphqw*vv vfdo srvlwlrq lpsuryhv1 Wkh dqdo|vlv lq wkh erg| ri wkh wh{w lv vlpso|
dq h{whqvlrq wr wkh g|qdplf frqwh{w1
Vhfrqg/ wkh vfhqdulrv frqvlghuhg lq Wdeoh 6 looxvwudwh wkh prqhwdu| srolf| glohppd idfhg
e| d KLSF frxqwu|1 Wr rewdlq wkh vfdo ehqhw ri ghew uholhi/ wkh jryhuqphqw pxvw iroorz
d sdvvlyh prqhwdu| srolf|1 Li wkh fhqwudo edqn dfwlyho| prsv xs oltxlglw|/ dv looxvwudwhg lq
Wdeohv 6+e, ru 6+f,/ wklv zloo whqg wr xqgr dq| uhgxfwlrq lq wkh jryhuqphqw*v lqghewhgqhvv1
E1 Vroylqj wkh Prgho
E141 Wzr Xvhixo Irupxodv












￿%_% '  nE %  *Ee
￿%* +E15,
z k h u hl qh d f kf d v h lv vrph duelwudu| frqvwdqw ri lqwhjudwlrq1 Lw lv vwudljkwiruzdug wr yhuli|
wkhvh vroxwlrqv1 Qrwlfh wkdw wkh ghulydwlyh ri wkh uljkw0kdqg0vlgh ri +E14, zlwk uhvshfw wr %
lv e￿%/ zkloh wkh ghulydwlyh ri wkh uljkw0kdqg0vlgh ri +E15, zlwk uhvshfw wr % lv %e￿%1




































3K*#  E@ n #e
3@*#o +E17,
E151 Vroylqj wkh Fdjdq Prgho
Wkh vroxwlrq wr wkh Fdjdq prgho jlyhq lq +516, lv







Glhuhqwldwlqj erwk vlghv ri wklv htxdwlrq zlwk uhvshfw wr | zh rewdlq










Zh fdq uhsodfh wkh lqwhjudo lq +E19, xvlqj +E18, wr rewdlq=






ER|  #o n @
Pxowlso|lqj wklv e| # zh rewdlq dq lghqwlfdo htxdwlrq wr +515,=
#  R| '* ?t|  *?| n R|  #o n @
Jlyhq wkh prqhwdu| srolf| ghvfulehg lq +5144,/ iru f  |  A zh kdyh=








































' #o  @  *?Ef*tfEe
E|3A￿*#   n d*?EA*tA  7 Aoe
E|3A￿*# 
dEA n #e
E|3A￿*#  E| n #o n 7  EA n #e
E|3A￿*#
' #o  @ n* ? E f*tfnE| n #  #E  7 e
E|3A￿*# +E1:,
Rq wkh rwkhu kdqg/ iru |:Azh kdyh








' #o  @ n












' #o  @ n* ? E f*tfnE   7 A n7  E| n # +E1;,
64Khqfh wkh lq dwlrq udwh iru f  |  A lv
Z| ' R| '   E  7 e
E|3A￿*#
zkloh iru |  A lw lv vlpso| Z| '7 1
E161 Ghwdlov ri wkh Dqdo|vlv lq Vhfwlrq 5
Dfwlyh Prqhwdu| Srolf|








Jlyhq +5144,/ +E1:, dqg +E1;, zh nqrz wkdw | ' e3@n#Eon￿￿Ef*tfe￿|/d q gw k d w  | '




@3#Eon￿￿E  t| n t|'Kdt n  t| n Et|  t o























































Zh vroyh +E143, qxphulfdoo| iru 1
Sdvvlyh Prqhwdu| Srolf|
Lq wklv vhfwlrq zh ghvfuleh krz zh vroyh iru  dqg 7  xqghu sdvvlyh prqhwdu| srolf|1
Wkh uvw vwhs lq rxu dqdo|vlv lv wr vroyh +514;, iru 7 1 Jlyhq +5144, dqg +E1;, zh kdyh
| ' e#Eon7 ￿￿3@Ef*tfeE￿37 ￿￿An7 ￿| dqg  | '  t|Ef*tfe￿An7 ￿E|3A￿ n7 t|Ef*tfe￿An7 ￿E|3A￿ iru




@3#Eon7 ￿￿E  t| n7 t|'7 Kd7 t n  t| n7 Et|  t o



























Zh vroyh +E144, qxphulfdoo| iru 7 1
Qh{w zh vroyh +5147, iru 1 W rg rw k l vz hq r w hw k d w+ 5 1 4 4 ,d q g+ E 1 : ,l p s o || '
e#Eon￿￿3@Ef*tfi TE|  #E  7 eE|3A￿*# dqg  | 'E f*tfe￿|  t| n Ef*tfe￿|t| iru




t n  t| n Et|  t 
e#Eon￿￿3@ i TE#E  7 eE|3A￿*#



























i TdEo n B| n #E  7 e
E|3A￿*#o_| +E145,






































Xvlqj +E145,+E148, zh fdq vroyh +5147, qxphulfdoo| iru  jlyhq 7 1
E171 Ghwdlov ri wkh Dqdo|vlv lq Vhfwlrq 6
Vlpxodwlrqv lq Iljxuhv 4 dqg 5
Lq wkh suhylrxv vxevhfwlrq ri wkh dsshqgl{/ zh kdyh vkrzq krz wr rewdlq wkh htxloleulxp
ydoxhv ri  dqg 7 1 Jlyhq wkh sdwk ri rxwsxw/  dqg 7  frpsohwho| ghwhuplqh wkh sdwkv ri |
66dqg |1 Lq vrph ri rxu vlpxodwlrqv zh dovr zrxog olnh wr kdyh h{suhvvlrqv iru wkh vwrfn ri






E/tr  Cr n r n  r*7re
3or_r +E149,
Zh qrwh wkdw +518, ohwv xv uhzulwh wklv dv












Zh fdq zulwh wkh uvw lqwhjudo lq +E14:, dv
] |
f

















oe3|EBno￿  e3o|Eo n BnB
EB n oo
+E14;,


























































































BE  e3oAnoe3|EBno￿E  eBA
EB n oo
 +E154,






















Wkh uvw sduw ri wkh uljkw0kdqg vlgh ri +E155, fdq eh hydoxdwhg xvlqj +E14<, +dw | ' A,1 Wkh











































Vlpxodwlrqv lq Iljxuh 6
Lq wklv vhfwlrq zh lpdjlqh wkdw C| ' C/i r u|  f1W k hs d w k vr i| dqg t| duh wkh vdph
dv lq rxu rwkhu h{dpsohv1 Zh qrz vkrz krz wr vroyh wkh prgho xqghu dfwlyh dqg sdvvlyh
prqhwdu| srolf|1
Xqghu dfwlyh prqhwdu| srolf| wkh jryhuqphqw fkrrvhv wkh vlqjoh sdudphwhu ri prqhwdu|








Wkh uvw sduw ri wklv h{suhvvlrq lv jlyhq e| +5143,1 Wkh vhfrqg sduw lv jlyhq e| +51;,1 Wkh


























z k l f kz hv r o y hi r u1
Xqghu sdvvlyh prqhwdu| srolf| zh qhhg wr uhsodfh +5147, e|
] A
f




/Et|  t e
3o|_| +E158,
vlqfh wkhuh lv qr qdwxudo lqmhfwlrq ri oltxlglw|1 Li zh frpelqh +E158, dqg +5148,/ dqg xvh wkh
vwhdg| vwdwh frqglwlrq +518,/ zh djdlq rewdlq +5149,1 Zh dovr rewdlq +514;, dv lq Vhfwlrq 51
Wklv lpphgldwho| lpsolhv wkdw wkh vroxwlrq iru 7  lv wkh vdph dv ehiruh1 Exw wkh vroxwlrq iru
 lv glhuhqw1 Wr vroyh iru / xvlqj +E158, zh qrwh wkdw wkh h{suhvvlrqv lq +E145,/ +E146, dqg
+E148, fdq eh xvhg1
Wr vlpxodwh wkh sdwk ri ghew xqghu hlwkhu vfhqdulr zh qrwh wkdw wkh suhylrxv irupxodv
dsso| zlwk rqh h{fhswlrq1 Wkh sdwk ri ghew iru f  |  A iroorzv
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e3or_r ' E  e3o|*o1
6836
FIGURE 1
SIMULATIONS UNDER ACTIVE MONETARY POLICY
Notes: In these examples, the government actively smoothes inflation over time.  The
solid lines indicate the paths of each variable assuming that the increased spending on
poverty reduction raises output.  The dashed lines indicate what these paths would be in
the absence of this additional growth.  So the dashed lines indicate the direct effect of
debt relief with HIPC conditionality, while the solid lines indicate the combination of the
direct and indirect effects. The scales for real balances, debt, aid and seignorage can all
be interpreted by noting that GDP = 1.  The inflation and money growth rates are
expressed in decimal form.









































SIMULATIONS UNDER PASSIVE MONETARY POLICY
Notes: In these examples, the government does not actively intervene to smooth inflation.
It allows the liquidity associated with the increase in government spending to stay in the
economy to the extent that increased tax revenues do not remove it.  The solid lines
indicate the paths of each variable assuming that the increased spending on poverty
reduction raises output.  The dashed lines indicate what these paths would be in the
absence of this additional growth.  So the dashed lines indicate the direct effect of debt
relief with HIPC conditionality, while the solid lines indicate the combination of the
direct and indirect effects. The scales for real balances, debt, aid and seignorage can all
be interpreted by noting that GDP = 1.  The inflation and money growth rates are
expressed in decimal form.









































SIMULATIONS WITH ADDITIONAL FISCAL REFORMS
(a) Active Monetary Policy
Notes: In these examples, the government implements spending cuts symmetric to its
spending increase over the life of the debt relief initiative. The solid lines indicate the
paths of each variable assuming that the increased spending on poverty reduction raises
output.  The dashed lines indicate what these paths would be in the absence of this
additional growth.  So the dashed lines indicate the direct effect of debt relief with HIPC
conditionality, while the solid lines indicate the combination of the direct and indirect
effects. The scales for real balances, debt, aid and seignorage can all be interpreted by
noting that GDP = 1.  The inflation and money growth rates are expressed in decimal
form.






























(b) Passive Monetary Policy